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b 1.0 INTRODUCTION

~ Science Applications, Inc. (SAI) has conducted a study
of Concepts Analysis Agency’s Combat Sample Generator (COSAGE)
Program. This program consists of over 30,000 lines of SIMSCRIPT
source code. It requires approximately 1.5 hours of SPERRY
1100/83 CPU time to execute and the maximum amount of static
memory available (282K words). The goal of this study is to
identify fruitful areas for COSAGE optimization which wiil reduce
the COSAGE memory requirement as well as the execution time. To
accomplish this, SAI has performed static and dynamic analyses of
i the source code. The purpose of this report is threefold:

3-8~ To present the results of the dynamic analyses effort,

-

7/-® To preview the recommended changes; and

b ' & To provide suggested COSAGE model PREAMBLE revisions.

PN

77N
This report is presented in three (3) volumes. The
remainder of Volume I is organized in five sections:

b=y

!®- Section 270 presents the tools and techniques which were
utilized t,;o perform the dynamic analyses.

—_— ey e

+ & Section 8.0 discusses the dynamic analyses performed and the
results obtained.

) -

¢ Section 4.0 previews the recommended optimization changes.

® Section 5.0 contains revision recommendations for the COSAGE ‘
model PREAMBLE. - RN
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AN
¢

o Section €0 provides a summary of the optimization effort. (f

Volume II is the COSAGE SIMSCRIPT source code for the
VAX computer which has been processed by SAI-SDDL *; Volume III
contains COSAGE Hourly Invocation Reports for random number seeds
3, 6, and 10, respectively.

}

* A trademark of Science Applications, Inc.

. -

oY

BERSR
- “

.....

AERENE
St 1

L T O AT P S S N
.................. NS T e e e e . SN
......................... . RS
DA R PN S R P L L A P TR P U S RPN N TR TS LT - . . oo e T RS
®an -t atat A" ata. - PRIV Ty AP WP TP ULEr W LI U Y Wi Y gy Vi W S S Gait G 4 PR ST S S DL T T A LI 0 W 1 S v 4




o .
P
PR
N
A

y —— SCIENCE APPLICATIONS, INC.

-

V.
o2 g

i 2.0 ANALYSIS TOOLS AND TECHNIQUES .

To facilitate the required analyses, SAI rehosted the
afl COSAGE model on a virtual memory VAX computer in a "test suite" o
environment. This "test suite" incorporates numerous software

tools and techniques:

L ® Science Applications, Inc.’s Software Design and
" Documentation Language (SAI-SODL) was used to format the
COSAGE source code and provide automated summaries such
as a table of contents, module invocation hierarchy
ii. tree, and a variety of cross-reference |listings.
5 SAI-SDDL was also used for developing COSAGE input
format specifications

i ® System Performance Monitoring (SPM) Tool was utilized to
B analyze COSAGE model execution at the operating system
- leve!

!; ® Metrics were opplied to obtain quantitative assessments

of the complexity of the COSAGE source code

® VAX SIMSCRIPT Compiler was used to identify source code
anomalies which the SPERRY compiler is unable to detect.

V A
P NPEPTY 2aoa .

2-1
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The remainder of this section discusses in more detail ,
the tools and tachniques which were utilized for the dynamic .

[
analyses. L
_ 2.1 Source Code Instrumentation -
. . o
SAI has instrumented the COSAGE mode! source code in
order to identify areas that would most benefit from optimization g
(i.e., routines most frequently invoked during model execution as 3

well as COSAGE CPU usage by simulated hour). In order to capture - i
routine invocations, counters were inserted into every COSAGE y
routine/process/event. These counters were incremented each time
the module was invoked. Additionally, an event was develr 13t
writes the counter values to a data file on an hourly rulated -4
time) basis and then clears the counters for the .ex: data
coltection period. CPU wusage was determined by w..ii1zing
appropriate VAX system routines. In addition, the event mentioned
above was modified to write the CPU usage for each simulated hour
to a data file.

2.2 VAX System Performance Monitoring (SPM) Tool

SAI analysts applied the SPM tool to the COSAGE model.
VAX-11 SPM is a set of programs which collect and report
performance statistics for VAX/VMS systems. General performance 7
statistics can be collected on a system-wide basis, and detailed ;5**'\
statistics can be collected on a per-process basis. ’

Included in the SPM set is a package for measuring where E“ﬁ

a user’s program is spending its time. To do so, the package ; o

periodically samples the program counter of the running program, .

g determines in which portion/routine of the program each such :Iii §
:73 sample falls, and displays the resulting information in histogram ﬁ;;j ]
- | o
-]

)

al
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form. Program counter samples are collected by trapping a clock
interrupt every 10 milliseconds. The user is able to specify how f S
the program is to be divided into sections cailed buckets for | -
performance data collection. A bucket is defined by an address .
range, and accumulates the number of program samples in that | - _ ‘ 24
address range through the use of a counter. The structure of the | |
program to be measured may be specified in terms of very large
divisions or individual routines as well as starting and ending 1 ]
addresses. '

2.3 Metrics Analysis

SAI has employed two metrics analysis techniques with
the COSAGE model. The first metric, control complexity, .was - ‘
developed by McCabe (Ref. [1], Appendix A, Volume III) and
identifies software modules that are difficult to test and

maintain. Control compiexity is measured by cyclomatic number,

which is the number of independent paths through the code. The

criterion value for cyclomatic number is usually 10. That is, if -® .
there are more than 10 independent paths in a routine, then it is

usually not possible to fully test all paths. Consequently, the ! S
program reliability and maintainability could be adversely fj;*;J;I
affected.

The second metric, operand complexity, is traditionally ! _ 1
measured by Halstead’s length metric (Ref. [2], Appendix A, Vo!ume o |
III) which is the sum of the operator occurrences (e.g., +, -, *, ; : ‘
/. >.< =, £ *x, ADD, SUBTRACT) and operand occurrences (e.g., | S
variables, attributes, entities, sets). f :¥£§; ]

' | ° |

Typically, if the Halstead length metric is 270 or above : o
per routine, it is indicative of poor design practices during the f S
module/submodule allocations (modularization phase). It has also : jfiff

‘ °

2-3
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been correlated with other measures such as number of bugs in 2
program, required programming/reprogramming time, and the quality
of programs (Ref. [3], Appendix A,Volume III).

2.4 VAX SIMSCRIPT Compiler Error Checking

SAI re-hosted the COSAGE model on a VAX computer to
perform the required analyses for a variety of reasons. (ne major
consideration was the upgraded SIMSCRIPT compiler features which
are implemented in the VAX computer version and not currently
available in the SPERRY computer compiler. The VAX SIMSCRIPT
enhancements include:

e Checking for subscripts out of bounds to an array,
permanent entity, or temporary entity

e TIdentifying references to a temporary attribute or an
array element of a quantity that has been destroyed or
released

e \Verifying that the number of words for arguments agree
in definition and use

® Mode checking

2-4
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3.0 ANALYSES PERFORMED AND RESULTS OBTAINED b

Numerous analyses were performed by SAI. This section

discusses these analyses and presents the results obtained. o
3.1 Analysis Of COSAGE Mode! Invocations
In order to capture the number of invocations for each o -

COSAGE source code routine, an "ADD" statement was inserted as the
first executable statement in each routine. These statements
increment an array element associated with a particular routine
each time the routine is executed. The array (ANAL.CTR) was e
defined in the COSAGE PREAMBLE; it was dimensioned by the number
of routines in the source code.

In order to report the number of invocations per hour of :5?-—-«
simulated time, an event was written and added to the COSAGE mecdel ll,r
that writes to a disk file the name of each routine and the number ﬂ5z
of - invocations recorded per simulated hour. It then clears the - ;
o

counter array and reschedules itself to execute in one simulated =
hour.

In order to increase the useability of the data gathered

in this manner, a formatting postprocessor was written which ranks o
the routines by highest number of invocations. For any :fyi
user-specified number of routines in the COSAGE model (e.g., top e i
10, top 50, all), the number of invocations, the percent of hourly D
[
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calls, and an accumulated hourly percent of calls for each hour of
simulated time is printed. Appendix B- (Volume III) contains the
output of the postprocessor when all 264 modules were requested
using random number seed 3.

In addition, a summary report is produced at the end of
the simulation. This COSAGE summary invocation report ranks the
selected number of routines, giving the number of invocations for
each, the percent of total calls, and the accumulated total
percentage. Figure 3.1 presents this summary report.

A second summary report shows the number of invocations
per hour of simulated time and the percent of total invocations as
a number and as a line on a bar chart. Figure 3.2 presents this
hourly invocation summary.

Analysis of this output has helped to direct and focus
the optimization investigation. It is clear from the results of
Figure 3.1 that 10% (26) of the COSAGE modules account for over
93% of all module invocations and should be closely scrutinized.
Seven of the 28 were already noted for optimization with the
\OPTIMIZE token during the static analysis, and one was marked as
a deletion candidate. The two processes, ASSESSMENT and SHOOTOUT,
were both in the largest dozen modules ranked by source lines.

Figure 3.1 also reveals two closely coupled sets of
program modules.  The routines JOHNSON.CRITERIA, PROB.INF,
PROB.TIME, and SEARCH were each invoked 344,157 times, accounting
for over 20% of all invocations; MRT.TC.FREQ  and
TEMPERATURE.ATTENUATION were each invoked 75,923 times. These
algorithms and their interfaces should be streamlined to minimize
the overhead of the invocations themselves.

.........................................

...........................................................
....................................................




——SCIENCE APPLICATIONS, INC.

COSAGE SUMMARY INVOCATTION REPORT

TaTAL FPCT TOTAL ACC TOTAL ;3:2?;”

TOP 26 (10%) INVOKED ROUTINES INVOCATIONS CALLS PCT o

1 FUNCTION.ACT.RANGE 1189098 17,459 17,459

2 ROUTINE_RANGE.COMPUTE 792643 11.638 29,097

3 ROUTINE.FK.COMPUTE 741236 10,883 39.980 -

4 ROUTINE_PROX.CHECK 399966 5.872 45,852 -

S ROUTINE_JOHNSON.CRITERIA 344157 5.053 50.906 ®

4 ROUTINE_FROB, INF 344157 5.053 55.959 :

7 ROUTINE_PROE,.TIME 344157 5.053 41,012

8 ROUTINE_SEARCH 344157 $.053 66,065

9 ROUTINE_TIME.TO.DETECT 312629 4,590 70,655 SR
10 ROUTINE_FRAC.COMPUTE 291000 4,273 74.927 . i
11 ROUTINE_CONTRAST.TO.FREQ 268234 3.938 78.866 - @

12 ROUTINE_LOCATE.SECTOR 142090 2.086 80.952

13 ROUTINE_CHECK.ENGAGEMENT 129648 1.904 82.856

14 ROUTTNE_SIZE.ESTIMATE 128398 1.885 84,741

15 ROUTINE_.MRT.TO.FREQ 75923 1,115 85,855 .

16 ROUTINE_TEMPERATURE.ATTENUATION 75923 1.115 86.970 o

17 ROUTINE_FINAL.COVERAGE 74273 1.091 88.061 —
18 FPROCESS_ASSESSMENT 53613 .787 88.848 ST
19 ROUTINE_.PDB.DETECTION 44444 . 653 89.500 RO,
20 FUNCTION_COMEINATIONS 41320 607 90,107

21 ROUTINE.DEQ.FERA.SET 40041 .588 90.695

22 ROUTINE_ENQ.FEBA.SET 39864 .585 91,280
23 PROCESS.SHOOT.OQUT 34804 .540 91.821

24 EVENT_FOE.ACTIVATION 35159 516 92.337

25 ROUTINE_WEIRULL.F 23942 .352 92.688

26 FUNCTION_EST.RANGE 233564 .343 93.031

TOTAL INVOCATIONS = 6810855 e

Figure 3.1

COSAGE Summary Invocation Report

3-3
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Einally, infrequently used routines may be eliminated,
thereby reducing the overall size of the COSAGE program. Appendix
B, Volume III, provides a good departure point to purge the
program.

It should be noted that the analyses performed and
results obtained in this section are based on executing the COSAGE
model using SIMSCRIPT’s random number seed 3. However, SAI
analysts also conducted analyses using two additional random
number seeds; namely, 6 and 10. The analyses results for random
number seed 6 are included in Appendix C, Volume III; the results
from seed 10 are in Appendix D, Volume III.

3.2 Analysis of COSAGE Model CPU Usage

An additional analysis was performed by instrumenting
the COSAGE source code. This analysis yielded CPU usage by
simulated hour. To ascertain this information, LIBSINIT_TIMER was
invoked during the COSAGE initialization phase. This routine
initialized the VAX system timing mechanism. Then, LIB$STAT_TIMER
(another VAX system routine) was called after each hour of
simulated time. This was accomplished by modifying the event
which was written to capture the number of invocations. The
change caused the hourly CPU usage data to be written to a data
file. Additionally, the postprocessor which was developed to
produce the COSAGE Hourly Invocation Report was enhanced to
present hourly CPU usage. A sample COSAGE CPU Usage Summary
report is shown in Figure 3.3. The next step involved integrating
the results of the COSAGE Hourly Invocation Summary report and the
COSAGE CPU Usage Summary report into a single summary. A sample

COSAGE Invocation and CPU Usage Summary is shown in Figure 3.4.

3-5
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o COSAGE INVOCATION AND CPU USAGE SVMMARY
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3.3 Analysis Of COSAGE Model Execution

SAI instrumented the COSAGE model environment with the
System Performance Monitoring (SPM) tool to gather samples of the
model counter. This was done to determine where the program was
spending its time.

In order to avoid modifying the COSAGE program itseif,
the executable image was linked with the SPM module IMGSHELL
specified as the DEBUG option. The IMGSHELL module is a program
which automatically starts and stops the sampling routines. When
linked this way, IMGSHELL is invoked by the VMS operating system
as if it were the debugger. It thus gets control before the user
program. This allows it to initiate clock sampling before
starting the user program and to terminate the sampiing after the
user program exits. The program counter samples are taken every
10 milliseconds and accumuliated in 3 file. Upon completion of a
COSAGE execution, the file containing program counter samples can
then be used in the analysis.

The next step is to define address ranges of interest.
The program, and its associated address space, was divided into
smaller units. This was done by specifying five primary areas.
These included operating system, program control region, COSAGE
image region, user program region at addresses above the COSAGE
image, and the SIMSCRIPT library. The addresses were set up for
the COSAGE image region so that each program module would be
accounted for individually. The SPM module IMGDEFINE was
executed; it specifies how the program is to be broken into
address buckets for data collection. The output of the IMGDEFINE

.............
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module is a single file containing all necessary information about
) how the user has divided the program into buckets or address
ranges. This is an empty bucket file and is ready to be used
along with the sampling output from a COSAGE execution.

The sampling output consists of a file produced by
clock-driven traps which collect program counter values. This
file, along with the empty bucket file generated by the IMGDEFINE
module, is then used as input to the IMGREPORT module of SPM.
INMGREPORT tallies the program counter samples in the appropriate
buckets and produces a histogram showing the number of tallies in
each bucket.

~ The results in the histogram are shown as percentages.
For this analysis, the results were as follows:

Operating system 0.00%
i Program Control region 0.50%
COSAGE Image ragion 28.93%

User region above COSAGE 10.36%
.SLM.SCRI?T_LMM

99.97%

Of the 28.93% of samplings which were attributed to the
COSAGE Image region, the individual routines trapped and their
. relative percentages are shown in Figure 3.5. These routines,
. when summed, account for 28.77% of the samplings in the COSAGE
Image region. The difference can be attributed to precision of

the SPM package which rounds to the nearest one-hundredth of one
percent.

There were a total of 1,703,991 sampies taken; the
percent in defined buckets was 99.97%, and the number of address
ranges represented was 535. The program contro! region represents

.............................................
.....................
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5.87% RTIME.TO.DETECT
4.74% RFRAC.COMPUTE
) 4.00% RPK.COMPUTE
) 2.11% RSHOOT.OUT
- 1.34% RPINAL.COVERAGE
: 0.81% RACT.RANGE
0.74% RRANGE.COMPUTE
0.73% RTARGET.ANALYSIS
. 0.51% RPROB.INF
L 0.44% RCONTRAST.TO.FREQ
0.44% RPROB.TIME

0.43% RLOCATE.SECTOR
0.42% RPROX.CHECK
0.41% RSEARCH
0.33% RDEQ.PEBA.SET
0.30% RBTRY.EPPECTS
0.30% RNOISE.DEGRADE
0.23% RASSESSMENT
0.22% RLOS.CHECK
0.21% RFORWARD.OBSERVER
0.19% HTIME.R
, 0.19%8 RSIZE.ESTIMATE
. 0.18% RCHECK.ENGAGEMENT
' 0.15% RUNIT.INPUT
0.14% TSS.SET
0.13% RPDB.DETECTION :
. 0.13% RPDB.ACTIVATION Figure 3.5 ,
- 0.13% RPIRE.MISSION SPM Results of CUSAGE Image Region
K 0.12% RTEMPERATURE.ATTE
0.12% ROUTPUT.ATTRITION
0.11% RCHECK.PROX
0.11% RHEE.WLA
0.11s RJOHNSON.CRITERIA
- 0.11% REST.COVERAGE
[ 0.11% RPA.BN.ASGN
0.10% RDUST.EPFECTS SR
0.09% RNEW.SEGMENT R
0.09% RFO.DETECTION ]
0.07% RMIN.MOVE -
) 0.07% RVOLLEY 1
0.06% RCPR.ACTIVATION S
0.06% RUPDATE.LOC
0.06% RENQ.FEBA.SET
0.05% RTARGET.REPORT _
o 0.05% RFA.BN.MOVEMENT o
) " 0.05% RENGAGEMENT O
. 0.05% RHE.OR.ICM.COMBUT
0.04% RMRT.TO.FREQ
0.04% TFO.CAND.DET.LIST

taasobodh A

L@
L L L

L 0.04% RCOMBINATIONS

NS 0.04% RFEBA.BAND

) 0.04% RCHANGE.LOC 1
g 0.04% RWEIGHTED.VOLLEYS L
- 0.04% HUNIFORM.F ."’,- e
S — I
'.::j'- 3-10 4 SR
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0.04% RICM.WLA

0.04% HNORMAL.F

0.03% 2SS.SET

0.03% REST.RANGE

0.03% RMARGINAL.EFFECTS

0.03% RCFR.DEGRADE

0.03% REMPTY

0.02% DPDB.ACTIVATION

o 0.02% HGAMMA.F

L 0.02% RLINE.OF,SIGHT ,
0.02% USO.LIST

0.02% RCFR.DETECTION

0.02% RHE.LA.INPUT

0.02% RBLOCK.LOS

0.02% TPDB.OP.Q

0.02% HWEIBULL.F

0.02% TFD.TR.QUEUE

0.02% HBINOMIAL.F

0.02% HCOMPUTE.D

0.01% ZIF,RATE.LIST

0.01% RCFR.OPERATOR

0.01% RSTART.BATTLE

0.01% RLOCATE.SEARCH.AR

0.01% DIF.VOLLEY

0.01% ZUE.TARGET.LIST

0.01% ZFO,CAND.DET.LIST

0.01% RSTOP.ARTY.MOVEME

X 0.01% HRANDI.F o

88%: ggggguglgéiggnmu SPM Results of CUSAGE Image Region SRS

0.01% RGENERAL.BATTLE , ;

0.01% RCHK.COMP.TR (continued)

- 0.01% ZBY.FM,QUEUE

: 0.01% RSTART.MOVE

i 0.01% RBTRY.FM.DEQ L

0.01% RREM,EFFECTS.COMP R

0.01% UIF.RATE.LIST S

0.01% DFO.DET.CANDIDATE R

o 0.01% RCOMPARE.TRS Do

- 0.01% RCLEAN.UP.FIRE.MI ° )

. 0.01% RPOSITION '

0.01% DFIRING.TABLE

0.01% 2ZSO.LIST

0.01% RCHECK.FORCE

s 0.01% RCREATE.FORCE

- 0.01% RSWITCH.FO

> 0.01% XUN,SEGMENT.LIST

0.01% RWITH.DRAW

0.01% RARTY.ASSESS

0.01% RSTART.ARTY.MOVEM

0.01% RGET.TERRAIN

e 0.01% XSO.LIST

) 0.01% UUN.LOS.LIST

. 0.01% TBY.FM.QUEUE

0.01% RBTRY.INPUT /
T l/ o

8

Figure 3.5
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B . 0.01% DUPDATE.LOC ] )
0.01% RPINISH.COMPUTATI ®
'.t 0-01% RFDC.TR.DEQ
0.01% XFO.CAND.DET.LIST I
0.01% UUE.TARGET.LIST !
, 0.01% DTARGET.REPORT
E 0.01% RSENSOR.INPUT |
0.01% UUN.SEGMENT.LIST :
0.01% RUNIT.ENVIR |
0.0l DSHOOT.OUT i
0.01% RPK.INPUT
fo— 0.01% RUNIT.ASSIGNMENT
ol 0.01% RSEGMENT.ADJUST
0.0l RPDB,.OPERATOR
0.01% RKV.PRINT |
|
)
Fiqure 3.5
SPM  Results of COSAGE Image Region
z (continued)
S
o |
o
AN
[
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activities. performed by the system on beha!f of the image such as

user stack usage and image input/output. The user region above ; e j
COSAGE represents the operating system and the debugger. Any ' :
. discrepancies between percentages contained in the report and ' A~£.?
[ shown in the total may be attributed to round-off. The remaining ]
.03% of activity not accounted for was in an address range which e i

was not requested in this analysis. 1

: 3.4 Analysis Of COSAGE Model SIMSCRIPT Execution

{ [

i The SIMSCRIPT compiler on the VAX computer incorporates

' language enhancements which are not available on the SPERRY i
computer. These features made it possible to identify anomalies f

i which heretofore had gone undetected. Anomalies have been grouped e :
into two categories: ones that occurred while reading the input

! data and ones that occurred during simulated time. These N
irregularities are discussed further below. ' )

: Ce ]

3.4.1 Anomalies Which Occurred While Reading the Input Data .

In the course of implementing the COSAGE modei on the
VAX computer, a number of problems were encountered while reading
the data file provided. Each problem and solution is listed

below.
1. Problem: Need explicit unit number for input file.

Solution: Opened unit 4 in new module OPEN.INPUT.QUTPUT.FILES
for reading input data.

2. Problem: Divide by =zero in SYS.INPUT. Customer provided i
information that the data items for NUM.POSITION.REPORT and ’
CLP.ON were reversed.
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3
Solution: Corrected order of the data items in the input file. R
- ]
g :
) 3. Problem: Unreserved array in PK.INPUT. PK.F.MOV.FAC does not .
seem to be allocated automatically. k
; Solution: Reserved array explicitly.
2y
4. Problem: Subscript out of range in CAT.TU.INPUT. Data ]
1 originally read with ALPHA 6 format and now being read as TEXT 1
i requiring a blank space in data. " e
? Solution: Inserted a blank space in data item. ]
5. Problem: Not sufficient virtual address due to size of model. e :
Solution: Wrote macro roubine to increase MAX VIRTUALADDR to 3 ) e
megabytes. R
e ]
8. Problem: Zero entity pointer or unreserved array in ) ,f‘ 0
BRTY.INPUT. BRTY’s 37 through 40 did not have proper ]
equipment. S
e ]
Solution: Added LART1 equipment to units 204, 205, 206 and
207.
7. Problem: Subscript out of range in SENSOR.INPUT.  When | »; ""j
SENSOR.TYPE is 1 and ST.NAME is "FO", SENSOR.MODEL must be ' f
less than 10 or subscript goes out of range. LT vl B
Solution: Changed data so that SENSOR.MODEL is 1 for those "i‘ ) }
cases. _ 3?1;_ :
e
e
|

3-14
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®
8. Problem: Argument passed to H.SIGN.F must be real (cal'ea from
SENSOR. INPUT) . " o
Solution: Explicitly defined DISTANCE as a real variable in R
SENSOR.INPUT. g .’.:‘:':;'_,:'.j
T e
9. Probiem: Subscript out of range in SENSOR.INPUT. (Problem
same as 7. above).
I Solution: Changed data so that SENSOR.MODEL is 1 for those .
{ cases.
p
10. Problem: Invalid character in I format in MADS.INPUT. .NUM.RH
*ﬁ read in this routine was incorrect in many instances. It is " e
{ being used as a loop counter for subsequent reads and must i
correspond to the number of data items following.
%i Solution: Determined correct values for .NUM.RH and replaced PY
s original incorrect values in the data. e
3
- -
- 3.4.2 Anomalies Which Occurred During Simulated Time o
I )
- After the COSAGE prugram read all the input data and o
%l schedufed the initial events and processes, a START SIMULATION
- statement was executed. From this point to normal execution B
termination, the SIMSCRIPT compiler-generated timing routine, e
- TIME.R, directed the execution of the program. The timing routine ‘ -
updated the simulated time, TIME.V, and invoked the subroutines s
- corresponding to the required event or process. -
i E
- As the program executed new paths, or repeated -
‘ i previously executed paths with new data, a variety of SIMSCRIPT :;;{?f
execution errors were encountered. A compiete Ilist of the ‘;“fa
S — i
3-15 o e
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execution problems and the solutions applied to continue executicn

is contained in the accompanying source code (Volume II). The " e
: module entitied PROGRAM CHANGES on page 2 matches a token of the : '
- form CHG\NN, where NN is a 2-digit number, with the location(s) in 8
- the code which was affected. These changes, while numerous and L
h. labor-intensive to implement, resulted from several broad i 5.

categories of problems. These categories included the following:

® Compiler Variations - These included both VAX and SPERRY
implementation idiosynchrocies. ®

® Zero Subscript Error - There was a wide variety of
reasons for the subscript being zero, with misspellings,
attributes used but not initialized, and faulty logic °
leading the list.

¢ Reference to a Destroyed Entity - A reference to 2
destroyed entity resulted from an attempt to retrieve N
data about an entity or process after it had exited fram
the simulation.  The solutions wusually required
obtaining the data before the entity was destroyed or
zeroing-out the pointer that referred to the entity.

¢ Precision differences - Since a real variable on the VAX
defaults to B4 bits (vs 36 on the SPERRY), some ‘
differences occurred based on the extended precision and o ;
round-of f.

® Number and Mode Mismatches for Arguments - Some callis to

subroutines contained less than the specified number of N o
arguments; those calls were supplemented to fulfill the
list. Some cails specified arguments in a mode

....................
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- different from that specified in the caiied routine;

*] those differences were resolved. -

® Subscript Qut of Range - These almost always were a
e ‘ result of faulty logic.

e Division By Zero - The rare cases where this occurred
were tested for and handled as exceptions.

3.5 Metrics Analysis

. ®
Two metric analyses were performed on the COSAGE model:
the control complexity metric and the operand complexity metric. _
The details of these two measures and the results are presented "
below.
3.5.1 Control Complexity Metric

In order to determine the control complexity metric,
(number of paths through the code), each COSAGE source routine was
examined for the number of IF tests performed. A separate count
was kept of the number of IF tests that controlled debug output
and the maximum depth of IF test nesting within the routine. This

information was tallied using an SAI-developed configuration
control form. A sample form is shown in Figure 3.68. Figure 3.7
is provided to i!lustrate the procedure employed to glean this o
measure. As can be seen, this section of code has eight IF tests,
none of which control debug output. It also has a maximum depth
of nesting of four (IFs 2, 3, 5, 8).

A post-processor was written to tabulate the data o
gathered in this manner and to produce three reports. The first Efﬁ
report |ists the modules ranked by IF tests (see Figure 3.8). The :

...................................
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POUTINE
PRNOCESS
PRNCZES
PRICESS
PROCESS
ROUTINZ
®RNCESS
CVvenNT
PrGCESS
QUUTINSE
QCUTINE
PRNCZSS
RCUTINE
RSUTINE
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Modules Ranked by IF Tests
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F MOOULE 1F
RANK NA ME TESTS
[
{ 39 ROUTINE TACAIR.INPLT 17 |
il_ 40 ROUTINE ZMPLOY.HSLICOPTERS 16
o1 Q0UTINE SINSOR.INPUT 14
42 PRPOUTINE 2NCZ.CAS.MISSION 15
43 EVENT 93T NXoURD 15
44 ROUTINE  S3TRY,INOUT 14
> ROUTINE CHANGE.LGCC 14
4 F0UTINE INTZR.3ATTLS 14
«7 PROCZSS MINI.A3SESS 14
45 ROUTINE MINE.DELAY 14
! 49 RGUTINE CSR.OEZTECTION 13
$) QQUTINE  (US AN UNIT 13
. S1  2CUTINE PZOR.ICM.COMPUTATIAN 13
& 52 FUNCTION AZ.dLA 13 ,
33 EVENT NSLOJENAGEMENT 13
! 56 RCUTINS NZIweSEGMENT 13
SS POQUTINE RIAD,ORZERS 13
S¢ RQOUTINES SMOKELEFFSCTS 13
57 RQCUTINZ Cas.zval 12
€3 RCUTINE ILLUM,zFFECTS 12
59 EVENT START . MOV S 12
6J  RQUTINE  w4aT NEXT 12
51 ROUTINE aAvM) . RPT 1
2 RQUTINE LINE,JF.SIHT 11
5, ROUTINE PRAESARS,LIST 11
S§4  ROUTINE RZIGUEST.wD.FASCAM 11
53 RGUTINE RAPV.I:TECTION 11
54 EVENT UPDATZ.LOC 11
57 ROUTINE L42CK.FORGMINZS 12
¢4 ROQUTINE OQUST.EFFECTS 17
99 RAQUTTINE FIMI,START,TIMc 12
72 RCUTINE  InIRkALLIATTLE 1
71 ROUTINE TARGETLANALYSIS 1)
72 ROUTINE BLOCK.LOS 3
73  EVENT BTL.ENJED 3
74 SVENT CFR.CPERATOR 9
75 ROUTINSE QUTPUT.ATTRITICON Y
7¢ ROUTINE PIR.ODSETECTION 3
Figqure 3-8 5
Modules Ranked by IF Tests ° ]
Continued DAY
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——SCIENCE APPLICATIONS, INC.

QCUTINE
ROUTINE

FUNCTIC:

CVENT

QOUTINE
QCUTINE
ROQUTINE
RCUTINS
ROUTINE
ROUTINE
PROCESS
AQUT INE
QUTINE
ORNCESS
FQUTING
ROUTING
QOUTINGE
RCUTTINLE
RCUTINE
SyInT

RCUTINS
RUUTINZ
PUUTING
RQOQUTINE
RGUTINE
TCUTINE
ROUTIANSZ
SOUTING
Px0DCESS
IQUTINE
SVENT

ROUTINE
OPJUTINGE
QCUTINZ
RCUTINS
ROUTINS
SYENT

ROUTINE

MQOULE IF
NA ME TESTS
wE IGHTED.VOLLEYS
INJ.F238,.8ET
FZsA.,34N9

FZEA.SORTI¢
FIL:.FD.3CHD

HZ .EM2TY

KY PRINT
URIENTATION
QUTPUT.EXPEZNDITUR S
2)3.05TZCTION
REMITE ,PILOT . vERICLE
SIZZ.=STLs3aTE
AJJUST
ATRACRNE.RADAR
LICATE.SEARCR.ARE S
MARSINAL,ZFFECTS,. 280J
REQUIST.FASCAM
STARCH.COVZIRAGE
aTLaCHZCK

CER.GNM

CESTROY.ORD
FZ234,INITIAL
FIN.2ATT 2

""=. lLAl INDUT
L2S.CHeCK

MINZ, INPUT
NMIISELOZGRADE
RIJUSST.DEF.FASCAMW
4ITH.DRAw
ANGLEZ.COMPUTE
C=ER.ACTIVATION
C4ECK.J2AD
CH4ECXK.FORC:
COVPARZ,TRS
CREATZ . FQRCE
END.MOVE
ENGAGEIMENT

HC «CCMPUTE,TIMES

O >3O0 0O NNNINNOGOWWDNR & WWWw e O

VARV, VIRV IV IRV IV, IV LY NV ST 2 ¢ T}

Figure 3-8
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——SCIENCE APPLICATIONS, INC.

. MODUL E IF
RANK NAME TESTS

. 115 ROUTINE HIL.RANGE.COMPUTE S

L 116 FUNCTION ITM.aLA <
117 ROUTINT L2CATE,ScCTOR 3
113 EvaNT POB.OPERATIR 5
119 PROCESS PHIOTO.12,5LIyH4T 5
120 PCUTINE PLAT,CCUNT 5
121 RQUTIMNS  PROX.CHECK 5

r 122 QCUTINE SAITCH,FD S
123 RCUTINE UNIT ORIGRITY 5
12« SQUTINE YyoLLZY 3
125 EV:INT A2T. 17K s
12: QUUTINE AR ,02TECTIUM 4
127 PQUTINE CER.OZL~a"E 4
123 RYUTINE  CHEC0C,LIST s
129  FUNCTIIN COA3INMITIONS -
135 ROUTINS CINTRAST. . THLFREQ A
131 POUUTINE TupTY 4
132 ROUTTNE Zi.TEJINPUT N
123 RCUTINZ FARRP,CRECK

i 134 ROUTINE FARRP.INFUT
135S ROUTINE  SamMa,F

: 138 ROUTINZ P2332T,.,rF224,3eCTOR

- 137 RQUTING SHOK 2 COMPUTQATION

n 13z ZVENT STAI T ARTY . MUVEMENT

: 1%y ZVENT AcT.M0OV2IS

'h 1640 zvzaT wlTeRIINF

Tl SUMCTION aRePRI3.03TECT

lac RCUTINES CAT, TULINPUT

142 " ZVENT CHANSZ LITS

144 PCOUTINE (K., FO, Tk

] TS SumMCTIAN ZILLISION

e 142 RCUTINE OsCIcC:

147 PCUTINZ CZ20.FS34,S€¢T

142 ROUTINE F3N.FJ.INPUT

TS RKQUTINE FINISH.COMPUTATION
152 ROQOUTINE FIRM.TF.LIST

z
Ui Wl AUIA WA A A WA e 8 F

151 ROUTINE GIT.TZRRAIN
, 13 ZVENT HC JOEPART.oATTLE
Figure 3-8
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MODULE 1F
RANK NAME T3STS
153 PROCESS MHIW.REPAIR 3
154 ROUTINS ILLUM,COMPUTATION 3
155 ROUTINE INTER.HELO 3
150 ROUTINZ KV .SCOREH04RY 2
157 ROUTINE MRINZ 3
158 ROUTINE MINJMCVS 3
159 EVENT PI3.ACTIVATIONM 3
14, ROUTINE PRRZD,.POS 3
161 ROUTINE PREP .wiTH0ORAW 3
as DOUTINI RIINJarRIVE 2
153 ROUTINE QIM EFFECTS.COMPUTATION 3
16e ROUTINE RzPLACZ.WC 2
153 20UTINT SNAP.R K
185 RCUTINE TACAIR,JATI.REPOKT 2
1~7 ROUTINE TIRM CHICX ?
104 RCUTINT TIH4Z,T0.0ST=CT 2
169  ROUTINS  AC JMUNSJINPUT 2
17, ZVYENT ARTY ,CCCUPATINN 2
171 FUNCTION BTRY AvAILASLE 2
172 20UTINE 3TRY FMLOEY >
175 ROUTINE 3TRY, FM.ENG 2
174 RQOUTINE C4R.COMP.TR 2
1735 R0UTINE COMPUTZ.wl 2
- 175 ROUTINZ 35T.MIL.wORTH 2
177 RCUTINE FESCAM,.CIMOUTATION 2
; 172 ROUTINE FI.EFFECTS.RzQ 2
17+ QCUTINE FILS.KAD.SENSOR 2
150 EVINT INIT.PREPLAN,CAS 2
‘ 121 ROUTINE MIT,.TC.FRIw 2
| 187 RQUTINZ NIRMAL.F 2
! 133 ROUTINE PIC3.INF 2
! 1264 POUTINE 3ZTLRCA 2
; 1335  EVINT STT«LZ3UG 2
; 19+ QACUTINE SYMOKE.INPUT 2
| 137 EVENT  STOP.ARTY.MOVEMENT 2
I 182 ROUTINE TB.INPUT 2
3 139 OQUTINEZ TEMPERATURESLATTENUATION 2
{ 19, RQQUTIWE BETWEEN.ROUTINE 1
|
|
Figure 3-8
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Continued
3-24
e el et e e T - Y RSSO KRR :

I SR
PRIPR TR TRy

......




——SCIENCE APPLICATIONS, INC. T e
MODULE 1F )
RANK NAME TESTS ‘ o
191 ESVYINT CFR,QSF 1 | TR
192 PROUTINE CHECK.ENGAGEMENT 1 RN
153 ©20UTINE COMSINZI,TRS 1 ° '
195 D9CUTINE  DL.CMSN.QUELE 1 -
19s SvINT 05 e0LY.SURTIZ . wUEBUS 1 i
135 FUNCTION E5T.RANGE 1 K
197 FEUNCTION £ST.TR.RANSE 1 X
19= ROUTINE EXPINENTIAL.LF 1 ;
1Sy 20TINE rFPIC.TR.IOENR 1 e 1
275 RGUTINE FIC.TRGEMI 1
21 @CUTINE HCLJISENG2AGE 1
ci2  RCUTINE  ILLUMJINPUT 1
)35 RSUTING  INITIAL.MOVE 1 5
274+ ROUTINE  LINZL.CIRCLE 1 - ;
2%y ROUTINE 4203,.IwPuT 1 ® )
c7s RQUTINZ 20 MOV COP 4 ?
L7 RIUTINE  PiM, INPUT 1 j
2°2 CQUTINE PISITIINLOUT 1 ]
Sy  RCUTINE PIJ3,.TIM:Z 1 i
<1 QCUTINEG PAZXPUd 1
211 ROUTING  SZGMENT, iDuUusT 1
212 EvAnT SZNd.TE2M 1
13 POUTINS  SY3.INPYUT 1
2%+  ACUTINE  TE . l2uT 1
21 POUTINE  UNIT.ESSISNMENT 1
212 RQUTINS VI3, INPUT 1
¢1? 2VINT ATT.CEF »
21 TVINT AZT.mMCvLCR Ny
1y FUNUTION LCT.RONSE L
<2 ZviInT CraNGE . wZaATHER z
221 RCUTING  4eCRaSTAEN " S
222 FCUTINT COMPUTE.C : o
(i 2CUTIwE CIPY h * |
22« ROUTINE CREATZI.TEAMS : e
23 QJIUTINE DOECISION.INPUT p! PR
2~ EVENT CND.SIMULATION > SN
ci7 ROQUTINE ERROR.STOP o SRR
219 AJUTINE FRAC,CQwPUTE : .* E
Figure 3-8
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o
MODUL E 1F
% ANK NA ME TESTS S
229 RQUTINT HZADING 3 s
270 ROUTINI INIT.RIINF 9 ®
231 ROUTINE INITIAL.DZTECT 1
¢3¢ ROUTINE  JOMMSONL.CRITERIA 0
<33 ROUTINE KV.INPUT 0
224 ROUTINZ MADS.INPUT b
235 PRNAGRAM  MAIN 3
2%¢  ROUTINT  Wa IN1 A .
237 ROUTINE MAIN3 n
233  ROUTINS w20, IVPUT )
239 RCUTINS  MIFR,.INOUT 3
dwl ROUTINE M3C.INPUT 5 :
2wl EYEQNT MJVE 3 ° 1
2642 RCUTINS  MUNS.InPUT A ‘
2l PRIGRAM QOLOZR.VEFSION.PRZIAMILST '.‘
cbe ROUTINE 0P EN,.INPUT.CUTPUT.ETLES A
245 ROUTINE ORW.ATK 5 ]
2+5 RUUTINS  Q20.::F 5 ]
Ce7 ROUTINS CL.MJVIIS 2 o ]
2% ROUTIWNT OQROD.RZINF 3 o
24Y ROUTINE P.Z.M.INOUT ] )
¢S5 ROUTINE P ,INOUT 2
251 RCUTINE P23ITLICN )
ed¢  EVENT PISITIAN.E9CRT y :
253 PRNGRAM PIEAMSLE 2 o
25+ 2OUTINE  PROAIMITY.RZIQ C = B
255 ROUTINE RANGe.COMOUTE y RO
<S5 ROUTINS RJL.cS4.INOUT - R
297  EVINT SCAEOULS,ARTY MOVEUENT 3 ]
¢9% RQUTINE 5v2P2 A T
¢5v 20MTINS  ST.InPUT fi o
ctl  EBYNCTION STAY. TIwuz n 1
In1 RQUTINE  Sudw.InPUT n g
2n< ROUTINE T3F.INPUT A .f
53 ROUTINE TIME . REQ 5 e
2i4 R0UTINE TT.FACTORS.INOPUT b, -
¢€S ROUTINS TYPE ,WEAPOHN,INPUT 2 °
55 ROUTINE wZI3ULL.F n }
Figure 3-8 ]
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[——SCIENCE APPLICAKTIONS, INC.

second report lists the modules ranked by functional IF tests,
that is, the total number of IFs minus the number of IFs
control ling debug output (see Figure 3.9). The third report |ists
the modules by maximum IF nesting depth (see Figure 3.10).

The information contained in these reports was then
analyzed. Since the IF tests for debugging are not frequently
utilized during COSAGE production runs, it was decided to use the
number of functional IFs (adjusted by subtracting debug IFs) as
the cyclomatic number for the control complexity metric. As
mentioned previousiy, a routine that has a cyclomatic number
greater than 10 (i.e., more than 10 independent paths) will
probably not be fully tested. Further, if a routine is not fully
tested, then its reliability and maintainability are suspect.

Referring to Figure 3.9, 81 modules in COSAGE have
cyclomatic numbers greater than 10. This represents 23% of the
COSAGE modufes. QOf these 61, 41 are routines (representing
approximately 21% of all COSAGE routines), 14 are processes
(representing approximately 74% of all COSAGE processes), 5 are
events (representing approximately 14% of all COSAGE events), and
I is a function (representing approximately 9% of all functions).

The obvious  category  which  warrants  further
investigation are processes, since approximately 74% of al’ the
COSAGE processes have cyclomatic numbers (control complexity
metrics) greater than 10. Recommended changes to reduce the
number of independent paths in these processes are discussed in
Section 4.8 of the report.

There are 33 modules (including 8 processes) that
contain a maximum depth of IF nesting greater than 3 (see Figure
3.10). The processes are particularly troublesome because they

........
R




SCIENCE APPLICATIONS, INC.
. .
| .
; : MODUL E FUNCTIONAL 5
RANK NA ME IF TSSTS .
1 ROUTINE BTRY,SFF:CTS 38 .
¢ PROCESS S400T.O0UT é1 g
3 PROCSSS FIRT MISSION )
i « PROCESS HELICOPTED.FIFE 3y
| > PROCESS TARZET.REPORT 24
¢ RCUTINS FI.DETECTIOM 35
7 PROCESS HZ ARIVE,SATTLS T -
| © ROUTINE FINAL.COVERAGE 32 o
i v PROLESS ASSZISSMENT 29
V 15 SVENT CFF LINS.ATTRITICN 30
: 11 ROUTINE Fa,3N MOVEMENT 26
12 PROCESS AL . ATK.TST 27
13 SyINT ADLENGAGIMENT 27
1+ ORNCESS AIR.ISSEFVLR 27 . ®
13 OQUTINE FLISHT.PATA 2> :
1= RKOUTINE UNMIT.INPUT 26 .
17 OPRICESS H-L JRETURNJFAR?P 25 :
13 RQQOUTINT PC.LOMPUTS <s |
1%  SVANT STARTL3IATTLS 25
270 ROUTINE A43.3STZCTION 24 ~f:;9-:f1
21 POMTINT CAZCK.CA3.CONSTRATNTS 24 SEERRSES
20 PROCE3S HIL.TAR3:=T.ACQUISITION Za STl T
-3 ROUTINSG RICUEST.54G0K: %4 ' 5‘1551
€% ROUTINE FA,3N.ASGM 22 T
2> ROUTINE UNIT.INVIR 21 e e
25 RQUTINE  2C.30M3.cFFICTS $l x
7 PCUTING MINI EFRcCTS 20 ;
22 ROUTINE  P3M MSN.ASGN ) .
2+ RCYTINS RIJUEST.ILLUM 24 ]
It R0UTING AJLSHOS 19 ]
$1 0 R0UTING  aNalYSIS.OuTPUT 1y ° '
72 PRICESS CAS.MISSION 19 1
T¢ PROCESS ATYLASSESS 13 y
e ROUTINE ATTRIT.SENSOP 1z RO
35 RQUTINE CHECK.PROX 1 e
3¢ ROUTINZ TACAIRLINPUT 17 SN
77 ROUTINE ACLOF.EFFZCTS 14 °
T3 ROUUTINE SENSOR.INOUT 10 ]
RSN
AR
Figure 3-9 "o "
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RCUTINZ CUTPUT.ATTRITION
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——SCIENCE APPLICATIONS, INC. L
4
MOOULE FUNCTINNAL PR
RANK NAME i1F TZSTS :
i 3¢ RQUTINE END.CAS.MISSION 13 i SRS
5 47 EVENT S3T.MX.0RD 15 | PERASARA
41 ROUTINE oTRY,INPUT 14 : T e
T w¢ ROUTINE CHANGE.LOC 14 ' l ' 1
- 43 RQUTINEG  E3T.CCe3RALS 14 j
s  RUUTINZT  INTEZR,38TTLSE 1« . j
] 45 ROUTINE CFR.D3ITICTION 13 '
- «h ROUTINE DIAD,UNIT 13 ‘
47 RQUTTWE MInI.C3LaAY 13 ° ]
i ROUTINT RI2D.0ARIJERS 13 :
49 RQUTINE A3 .0R.ICM.COUPYTATION 12 .
{ S, FUNCTION A2 ,ALA 12 !
31 RUGUTINE  wAAT JNEXT 12
S_.  PLUTINT  A%4)  APT 11 :
53 QCUTINE (&S, zvaL 11 T e
S<  RQUTINE 2MPLCY.~ZLICCOTERS 11 }
SS  DRICESS FIAWARL.CS3TAVER 11 L
Sc RGUTINE LINILOFWGSTLHT 11 . S
57 PROCESS MINZI,ASSESS 11 ;
5% QQUTINE NIWeSZT3MzMT 11
Sv ROUTINE RZI.LUCST.ad.Fa3CAv 114 e
ne  RQUTINE KOV.CITSCTION 11 R
41 SVENT START,MOVE 1 ST
52 ROUTINE CHZCK.FOR.MINES 1 RN
£3 QCHUTINZ CY3T.SFFICTS 1
e RCUTINE  FIND START.TI:: 1
25 ROUTINS  GENZIRALLIATTLE 1
62 ROUTINE PREZOARILLIST 1
£7 © ROUTINE  2LGCK.LCS ~
S EVENT CER.LPIIATYR -
4% IQUTINE  LLLUMJEEFZCTS o
2. . .
®

1C (e (O 4 C U C DO =

| 71 RCUTINE PLR.CETECTION
| 7. RQOUTINE SUCKE.IFFELTS
‘ 75 EVENT UPCATE.LOC B
| 7« EVENT FZ3A,SORTI: T
i 75 RQUTINE FILZ.FUO.5CHD RN
a 75 EVENT MELD W INGAGEMENT T
°
Figure 3-9 T
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——SCIENCE APPLICATIONS, INC. o

_ MODUL £ FUNCTIONAL
k. RANK NA ME IF TESTS -
°
- 77 ROUTINE KV.PRINT 3 e
- 78 ROUTINE JRISNTATION 8 O
- 79 ROUTINE OJUTPUT.SX2:INJITURES 3 R
34 KQUTINE PIB.CETECTION 8 S
31 PROCESS KEMOTE,PILOT.VERICLZ 3 L d
32 ROUTINI 3IZE.ESTIMATE 3
£3 ROUTINE TARGZT.ANALYSIS s
. 34 ROUTINZ AJJUST 7
{ 4> PROCESS AIRIONRNE.PIDaR 7
2z EVENT sTL. ENJED 7 -
87 ROUTINE ENJ.FEIALSET 7 o
§2 EUNCTLION FZgl.3AND 7
3y PCUTINT  MARGINAL.IFFSCTS,.2D4 7
97 RCUTINE STARCH.COV:RAGE 7
v1 SVENT CFR, IN 6
32 ROUTINT DJ3STROY.ORD ¢ -
Y5 ROUFINE SLN.3ETTLS ° . ®
36 Q0QUTINZ  HZ.LALINPUT ¢
73 ROUTINE LICATS.SEARCH.ARCA )
¥5 RCUTINS L23.CHECK o
37 RQUTINE MINZ.INPUT 5
v: ROUTINE NJISZ.2%ZuRalS 6
99 ROUTINE RZIQUEST.UIF.FASCaM 5 -
171 POUTINE wII5SHTZID,VILLEYS 5 e
152 PRCCESS wITH.ORAwW 5 T
125 BVINT C7R.,ACTIVATION 5 0
124  RQUTINZ  (CH4:ECX.IEAD 5 —
| 135 ROUTINT (HECK.FOFCE 5 -®
174 ROUTINE COMPARZ.TRS 5 :
177 ROUTINZ (23aTs,=0e(s 5 e
172 RCUTINT NI .wCVE 5 o
105 ROUTINE  FEsa.INITIAL 5 o
110 FUNCTION ITM.wWLA 5 ."
111 ZVENT PDB.OPERATCR 5 :
11¢ RCUTINE PLAT.COUNT 5 e
115 ROUTINZ  PROXLCHECIK 5 e
114 ROUTINE SAITCH.FO 5 S
°
Figure .-9 Lo
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1ez ROUTINE
165 P©QCUTINE
Tes ZVENT

1«3 PQUTIN
Tws RQUTIN
147 RQOUTIN
w2 ROUTINE
145 =2QUTINE
1350 ROUTINE

Im s N

KV .SCCRZ3NDARC
MIN,MOVE
233,4CTIVATICN
22z2,.,908
PRzZP . wITHdkiw
REZINLARRIVE
RZS:T.FE3A,SECTOR
SUYOKE.COMPUTATION
SNaP.F

STARTARTY MOVEUENT

e e T

F— T MM R I P A - ~ — ™ > e
[———SCIENCE APPRPLICATIONS, INC. L4
MODUL g FUNCTIONAL -
RANK NA ME IF T3STS T e
- 115 ROUTINS VOLLEZY s Lo
[ 115 EVENT ACT.ATK A T
117 2QUTINE  ANGLE.COMPUTE 4 R
s 112 RCUTING  3TL.CHECK . ®
119 R20UTINE CFR,DELPADE I3
123 FUNCTION COMIINATIONS 4
121 2VUTINZ  CONTRAST.TO.FRZQ 4
i 12: R0UTINE EMPTY .
3 123 ROUTINE  zZeTZ.INPUT o
124 2WUTINE FARRP,IMNPUT o Y
3 125 QCUTINE GAMMA,E -
¢ 125 2CUTINE  HZ.CCMPYTE,TIM:zS 4
127 ROUTINE HIL.RA%G5.COMPUTE 4
122 P9CE3S PAITOLIR,FLIGHTY 4
& 12y Zy:InT ACToMOyDIS 3 .
12 ey=nT ACTeRITN?P 3 o
131 RCUTING ARLIETECTION 3
: 132 SUNCTIIN 8R.PR33.323TSCT 3
[ 133  =yanT CH8NGE,LITS 3
134 20UTINS CHAK.FO,T2 3
k 132 FUMNCTINAN CIOLLISION 3 -
135 ROUTINC O8CIoz 3 -
127 EY:INT 2\ GaGIMeENT 3
! 152 ROUTINE FaRQRP,CRICK 3
3 124 PCUTINE F3N.FD.INPUT 3
3 164> ROUTINE GET.TZRa4IN 3
1e1 PRKOCESS nMmIwsR=ZPAIR 3
2
3
3
3
2
3
3
3
2
3
3

1 EVENT
¢ RQUTINE

TACAIR,.DATA.RIPAORT

Figure 3.9
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® ___ SCIENCE APPLICATIONS, INC.

ﬂl MODUL E FUNCTIONAL e
K ANK NA ME IF TESTS :

RS 153 ROUTINE TZRM,CHECK

L 154 RCUTINE UNIT.PRIORITY
155 SVENT A3 TY ,CCCUPATION
154 RCUTINE BTRY . FM.OSg

157 RCUTINE A3TRY,EM,:iNy

152 ROUTINZ CAT,TU.INPUT
159 ROUTINE CASCK.LIST

1ou ROUTINE CH4K.COMP.TR

3
3
2
2
2
2
2
2
141  ROUTINE COMPUTZ.W) 2 e
162 ROUTINZ CZC.FZ3A.SET 2
183 ROUTINZ FJ.EFFECTS.RZQ 2
146 ROUTINS FINI3H.COMPUTATICN 2
1595 RQUTINE FIRYM.TF.LIST 2
166 ZV3INT MHT JDZPART  3ATTLE 2 -
157 ROUTINE H-.ZwpTy 2 -9
i 155 RGUTINE  ILLUM,COMPUTATION 2 S
[ 159 ROUTINE  INTZR.HILN 2 s
. 17 RGUTINS LDCATZ.33CTOR 2 .
o 171 2CUTINE MAIN2 2 o
L 172 QQUTINE M2T.TH.FRE. Py '
173 KOUTINZ  NORMaL,.® 2 = S
174 ROQUTINE PIQ3,1NF Z Lo,
& 17> 2GUTINZ  SZiR(CH 2 St
o 170 EVENT SET.D33US 2 RO
A 177  ROQUTINE  SWOKE.INPUT 2 S
178 ZVENT STCP LARTY  MOVEMENT P P
17% A0UTINE T2.INPUT 2 4’~
150 ROUTINE TZMPERATURZLATTENUATION 2 .
121 PCUTING TIMZ,.TI.0STECT 2 R
142 RQUTINE &7 ,wUMS.INPUT 1 T
145 FUNCTION STRY,aVAILABLZ 1 S
125 ZVENT CFR,OFF 1 :
135 ROUTINE CHECK.ENGAGZMINT 1 @
136 ROUTINE COMSIVE.TRS 1 Tl
127 ROUTINE =ZSToMIL.aQRTH 1 S
133 RCUTINE EXPONENTIAL.F 1 L
189 ROJUTINE FASCAM.COMPUTATION 1 U
14, %OUTINZ FOC.TR.DE 1 °o

Figure 3-9 i
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FUNCTION =3T.x&MGE
FUNCTION :5T.TR.RANGSE
ROUTINE  FRAC.COMPYUT
ROUTINSE HC «0ISENGAY
QCUTINE ~HZADIN
RUUTINEG  INIT . REINF

n j
N ¥
- TR
® —_SCIENCE APPLICATIONS, INC. )
¥ ‘
I
& MODUL E FUNCTIONAL
RANK NA ME IFf TESTS -
. . .
161 ROUTINE FJC.TR.INC 1 L
19¢ ROUTINT  FILZ.K1D.S=NSOR 1 R
195 ROUTINE ILLUM.INOUT 1 S
174 ZVENT INIT.PREPLAN.CAS 1 - 3
195 ROUTINE  INITIAL.MOVSE 1 ! o
135 SQUTINE LINZIJCIRCLE 1
; 197 QOUTINE MPQ3.INPUT 1
152 R0UTINE CR3.MCVCOR 1
! 199 RGUTINE  P3M.INPUT 1
| ¢Sy RUUTINS PASTTION.OUT 1 N
f €1 R0UTINZ P9Q3.TIME 1 @
P , 32 ROUTINE  P30X.PAS 1 -
! 203 RCUTINE I, EFFSCTS.COMPUTATION 1 .
‘ ¢ ROUTINT  RIPLACE.RC 1 R
‘ N3 RCUTINE  3IGMENT,.ADJUST 1 Lo
o 295 AOUTINI  5YS.INPUT 1 ‘e
: ! €27 ROUTINE T3 .oNPUuT 1 "o ‘
i ST RSUTINT  vIS,InoyuT 1 '
| i3%  EVEINT A2T.Q3IF ’
[ 10 Cv:InT AT, MOVCLR :
211 FUNCTION ACT.RANGE 2
clc¢  RGUTINT  oITAESN.20UTIN- o
213 SVINT CHANGT WdATHER o
cle RCUTINE CHECK.3TR=N )
2135 RQUTINE  CowdPUuT:.L J
1L 2CUTINE  CIPY Q
217 ROUTINZ CREATZ.TZAMS 9
1% RCUTINZ  J2CISION.INPUT 1
274 2CUTIN: SL.CMSN.J UZUEé > T
.7 Evint 02 ILYWS0RTIE. QUcus 2 o
. 2 EVENT ENCJSIMULATION B Do
g 2 ACYTINE  SCRIRLSTOP - e
J ‘ . ’
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AV TR SRR

.

~

[}
Man

TS AT D

ANILS poseEEa

. L ., r g A

'.'-_"_ ! v v'.-""' L.
[AV 2N AN N}

~
AN
* N

n
1)
[}

&

Figure 3-9
Modules Ranked by Functional IF Tests
Continued

iy /A

3-33

.
1

e

P P I P P R RS T PR S
T T T e e T T e e e e e . T A TR s
B s SV I I S I I 28 I S I A A N P I I AN y PR PO UL S




e S T~ -~ A  an — -— SN
——SCIENCE APPLICATIONS, INC.
M02ULE FUNCTIONZL
R ANKX NA ME IF T:23TS
22y RCUTINS INITZAL,.JETECTY ]
230 ROUTINE JOMNSONLCRITZRIA 2
231 SOUTINT kv INPUT z
3 QUUTINZ Ma3S .. IN2YT 2
J3  DRAGRAM  MIIYy J
g 2% RGUTINZ  4aINT v
233 ROUTINE waAINZ 3
: ¢3c  RCUTINT M. INPUT M
- ¢I¢ KOUTINS MIFR,I%PUT )
r 233  RCUTINZ A0, IHPUT 2
239 EVENT Ml Vs 2
P RCITINE MINS JLNPUT N
¢ 2a PRIGRLM OLLSP VARSICHNPRZENM=LE J
i 2l  PQUTINS 2P =N,.INPUT . QUTPUT.RILZES J
% el FCUTINET DJ35.AT7TK J
ﬁ Cba SCUTING Tt JGURF 2
Cced ZQUTINES ML M0VLIS J
Can CuUTINE CRTaFrZi " 0
22 FIOUTINZ P.E,m.Iv2UY o
cés RQOUTINZ P .INOUT G
e QEUTINT PISITION 2
P SVIMT PYSITIOMNG2ZPORT 9
PR RN ,2uM  PIZaNELE o
Z25¢ RGJTINE PACA I ALTY, %5 )
e ?0UTItn= RANG .. 0D yT 3
3« ROUTINT  RJLe.:zNGINOYT ]
e3> EVvINT SCHT LS APTY MOV SMENT 2
23- SVENT STl T3 <
227 PLUTInNg SN2, =
¢S RQUTINE ST.INPYT o
23~ EUNCTION STAY, T Ms '
oL RQUTIN: 334, IMPUT b
-1 RATUTTWE TaFe INPUT J
a2 ROQUTINZ TIMS R3] 3
2rs RCUTINE TTFACTORSL,INALT b :
Jr e ROUTINT  TYPE «miAFINJINPUT : R
3> ROUTINE UNIT.ASSIGMznT g o
s PQUTINE wiisuLl.r B
)
- @ P
- Y
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]
MODUL E MAXTIMUM
< ANK NA ME DE2TH
1 EVENT GIT<NXL.DRD 7
2 RCUTING CHECK.CASLCONSTRAINTS 5
. I ROUTIWE  JISTROY SR P
: e DPFOCESS FIRT . MISSIAN z
5 RQOUTINT PC,LuMPUTS &
, 5 9FN(LTSS TARGET,RIPIRT 5
! 7 KOUTINT wH&T , NZXT N
* & ROUTIMNE AL .IF.E=FSCTS 5
Y RCUTINE oTRY,.ZFFICTS >
t 1, RCUTINS Ca3Ce,235X >
i 11 RUUTINS  MInZ IFEISTS 5
1¢ ROUTIN®  254,05T2CTION p
17 XOUTINT  PLAT.COUNT 5
e RSUTTINE FRZAD,0:2305§ 3
15 RUUTINE GUNIT.=nVIO 5
15 20YTINS  AC.3GM3.EFFECTS 4
17 EBVAENT Q) ENGAGEMENT “
14 PRICESS &7 TY.LASSESS “
17 DOKOCZSS C28.MISSINN “
22 VUTINT  CaANSI.LCC “
71 RCUTIAZT CTA). unIT “
zZ AOUTINE  FA LA LA35% A
".'l DCUIIH:. I;Q.:.". -1\"‘4-'-""‘T' [
4 ROQUTINZ FLISHMT,.PATHA A
P QRLCESS HI RETURN.FAKDP 4
7, PROCEZSS =TL.TARITLACIUISITION A
17 PRICEISS mILICoeTEY,EIR: “
23 BCUTING MINE.2SLAY 4
Zy ROGUTING PRI%2axk2.LIST “
,i 2. ROUTINZ RZIQUZST,ZMIxE -
ﬁ 11 GUTTINT 32 .USST.a.FaSCamM .
S¢  ORGCESS  3403T.0uT “
] 18 SYEINT START.32TTL: N
| 1a  ZVENT AZT.RIINF 3
'5  R0UTINZ  a2.Sm0NT 3
| Is 2PNCESS  ATR.C2SZRVEP 3
{ s7 FUMLTION AP ,PRO3.I5TZCT k4
: §:  PRNCSSS A53525$S43NT 3
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MOouUL €
NaMmE

MAXTMIY
SIPTH

R Ny RCUTINS  ATTAIT,.S:EMNSAR ?
el « o EVTNT 3TL. 2008l z
i +1 SoUTINE T <Y JINOYT 3
] -c QoUTIWE CisS.eval 3
-5 SvIiT CRaeACTIVvaTILY 3
b RYIIT I CRReJETILT I, ?
- ZVEANT CERaLPRTATOC T
. +5 POUTTINE CAR.F2,Ta 2
- w7 PUUT1ies C2u24R:2,725 5
bl S RUUTINE CONTSLET, T RO, 3
wv RCUTINE  aMOL Y, ~2LICOPTIRS 3
S FoyTINGE N ZeCaSavIISINN 3
S ReuTInus IMJL¥CV S :
3 RIUTINE TNeerFLEL,C2T 3
35 SCUTI N 3TeCovsoaye ?
» e ALMUTINZ  SILILEI,3CAc ' 3
32 2 uTIng  FlsaL.Chv-3a,3 )
56 RCUT Tz Fl.0iTL0TION 2
57 GRNL=SS SlrauT ], 48538y =2 3
: i TJUTINT 3IT.TEifarw 2
z ¥y PELLE33 4T WATT VI, -ATTLS 3
3. ROUT NS A W 3R [0V LO%PUTL. TSN 2
- -1 SVENT MILT O INGA T MENT 3
o 3¢ AOUTINT  L235.CnéCx 3
o £5 PROCESS  AINELAI3:9S 3
) .- PodTIn: NS e 32 3 A= T 2
i o SYENT CEFLLINEATTRITION 3
L 55 SOUTINE PIPLLETACTION X
57 LAVITE B PR AT INLJAR?{YS® 5
i 5 e TLUTINE 2 WEIST,RE3CLw 3
a0y FCUTING P2 UEST..ILLu™ ?
. 7 FOUTINE K2V, J3T=CT NN ?
.‘-‘ "1 AGLUT TN 33arCH,CovERAG:E >
- 700 RQJTINT SNLP LR 3
. 75 SYENT START.49v= 3
L 7a  P0UTINE  3alTCH.F3 3
b T: 0 FQUTING  TAaCAiIf.I.PyuT £
S 7o RQUTINT  yUNIT,14w2y7 3
D
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J RANK

77 SVYSANT

73 PROCESS
7y SVENT

= 2§ EyENT

el ROUTINE
92 ROUTINE
€5 ROUTINE
P4 ROUTING
> 4y RCUTINSZ
23 RWUTINE
7 RQUTINE
<  ROUTINE
39 RIUTINZ
27 RQUTINE
21 SVYINT

92 RQUTINSZ
S RWUTIN:
Je 20UTINE
v> ROUTINE
92 RCUTINE

i 27 ROUTINE
. Vs ROUTINGE
¥5 QOQUTINE
100 RQUTINE
171 ROUTING
1M2  FUNCTION
‘ 125 ZSYENT
n 176 QQUTINE
173 ROUTINE
19¢ ROUTINE
| 177 RJyTInz
. 17%  FUNCTION
] 1%y QQUTINE
11, PROCESS

111 ROUTINE
112 RUOUTINE
11> ROUTINE

PLICATIONS, INC.

MODULE MAXIMUM
NA ME DE”TH

UPOATZ.LOC

AC JATXK,,TGT
ATT.ATK
ACT.MOVOIS

A3 JUSsT

AMM0 L, RPT
ANALYSIS.NUT2UT
ANGLELCQOMIyTZ
82 JOET=CTIOCN
3LUCK.LOS
8TL.CnZECK

ATRY ,FM, Lz
CaT,Ty,IN2YT
C=R,0%uRAD:
CHaNGT L1T:
CHSOXWFCR.MINTS
CH4El R FORL S
CaX,C34P, TR
C?2aTZ,.FCLKRCE
SUST.EFFLCTS

rd

[ AV \S I W\ N RO BN AR LG B U WY ) NI oV A V)

f

£
u
—
-

J

T INPUT
TeMIL.a2RTH
RRP.CH3ZCk

e FlaIN2UT
A.44MD
s3.SOFTIC
NMISH,COWPUTATION
RM1,TF.LIST
NERAL.2ATTLE

L mo INPUT

[}

oW,
AT RS I LI AR B G RN D B AV I N B ) VY o B )

IS I B IRNY IRV T < Vi)

L X G Nn T n W e it

an
.
x
-
'

AZ L RANGECNMPYUTE
Hlwes RZPAIR
ILLUMCOMPUTATION
ICLUMLEFFECTS
INTER.3ATTLSE

[AV RN RV VRN AU RN AR R AV N BU TN YR L W LS BN S

11«  ROUTINE KV ,PRINT
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MOOULE MAXIMUM
K ANK NAME CZPTH

115 RQUTINE KV .SCORE304ARD

112 RQQUTINZ LINZ.0F.SIGHT

117 POQUTINZ LJICATE.SZARCH,AREA

11 2Q0UTINE MARSGINALLSFFICTS. 20U

11y ROUTINE MINSE . INPUT

122 RCUTINS NOISz.JT5RADS

121 QCUTINeE QR IENTATION

12¢ QCUTIANZ QUTPUT.ATTRITION
23 =SVANT P%, 0PEZRATUR

12« ROUTINZE PIM MSNLASSN

1¢> ROUTING PP ywITR2IRAA

12> PLUTING PROUz LINF

127 TOUTINE POOX ,CHAE(CX

12: 2GUTINFE REPLACE.HC

12Y RCUTINZ ZQUESTWIDZF.FASCAM
T30 RGUTINE SINSOR.INPUT
131 SVaENT SET.D%3UG

13¢ ROUTINE  SMOKELCOMPUTATION
133 °2J3uTIn SWOKZLEFFICTS
17« ROJUTIN TIrMPZIRATYRZLATTENUATION
1735 ROQUTIN UNLT.PRIGRITY
1360 ROUTIN voLL ey
137 RQCUTIN WEIGRHTEDLVOLLTYS
1.2 PRCCES wITH.,CR13w
129 ROUTINI AL JMUNSLGINPUT

- e PRCCESS ALR3OSNZI.RADKR
141 RQQUTINS LR IETECTION
162  EVINT ARTY (CCCUPATION
143 RCUTINZ 33TWEINLROUTINE
Tés FUNCTION sTRY, AVAILASBLE

[V R BT L O AT )

T35 RQOUTINZ 3TRY FM, 3N
Tas ZVAENT CPrxeQF=
147  EVENT C=R.0M

T3 &QUTINE CHECK.IEAD

147 RCUTINE CHECK.ENGAGEIMENT
15¢ QOUTINE CHECK.LIST

151 FUNCTION COLLISION

15¢ SUNCTIIN COM3INATIONS

[N O N N R VSOV R S AR S ROV IS I A VIRV I A VI VRV WV O VN SRV AV )

Figure 3-10
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MOJULE 4AXTHMUM

RANK 5 Na ME CEPTH
o 4

229 ROUTINE HZADING ; R
230 ROUTINE INIT.REINF ; S
231 ROUTINE INITIAL.DETECT | S
232 ROUTINE JOHNSON.CRITERIA T
233 ROUTINE KV.INPUT , °
234 ROUTINE MADS.INPUT ;
235 PROGRAM MAIN | )
236 ROUTINE MAIN1 | ;
237 ROUTINE MAINZ :
233 ROUTINS MAO.INPUT . )
239 ROUTINE MIFR.INPUT | .

240 ROUTINE MFOQ.INPUT

P SVENT MIVE

242 ROUTINE MUNS.INPUT

263 PRKOGRAM OLDER.VERSION.PRZAM3LE
2446 ROUTINE OPENLINPUT.OUTPUT.FILES
245 ROUTINE ORD,ATK

246 RQOUTINE ORD,UEF

247 ROUTINE ORD.MOVDIS

243 RCUTINSE ORD. REINF

24V ROUTINE P,Z.M.INPUT

250 ROUTINE PX.INPUT

251 ROUTINE P2SITION

252 EVENT POSITION,RZPORT

¢53 PROGRAM PIEAMBLE

25« ROUTINE PROXIMITY.REQ

255 ROUTINE RANGE.COMPUTE

256 RGUTINE RUL.EN.INOUT

<57 EVENT SCHZDULZ.ARTY.MOVEMENT
254 PROUTINE SNAP2

259 RCUTINE ST.INPUT

263 FUNCTION STAY , TIME

241 20UTINE  SysM_ INPUT

252 RIOUTINE T3F,.IMPUT

263 ROUTINKE TIME,.REQ

PE-X ROUTING TT .FACTCORSWINPUT

PA-P) ROUTINE TYPZ . WEAPON.INPUT

265 ROQUTINE WEIBULL.F

OQOCOQCOCCOOoOOODOOOO0AOUV0OD0DODO000DOLODDLO0OO0O00CLVoOO
|
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s

®
MOJULE MAXTIMUM
RANK NAME DEPTH
; T e
191 EVENT POB.ACTIVATION 1
192 ROUTINE P3M.INPUT 1
193 PROCESS PH40TOLIR.FLIGHT 1
194 RQUTINE POSITION.OUT 1
195 ROUTINE PRED.POS 1
194 ROUTINE PR0O3.TIME 1 1
197 ROUTINE PROX.POS 1 5
193 ROUTINE REM,EFFSCTS.COMPUTATION 1
199 PROCESS REMOTEL.PILOT.VEHICLE 1 ,
2GC ROUTINE RZSET.FEBALSECTOR 1
201 RCUTINE SZARCH 1
202 ROUTINE SEGMENT.ADJUST 1
273  EVEINT SEND.TEAM 1
cGe ROUTINE SIZS.8STIMATS 1 i
205 PCPQUTINE 3SYOKE.INPUT 1 (
236 EVENT START.ARTY.MOVEMENT 1
277  EVENT STOP LARTY . MOVEMENT 1 i
<Nz ROUTINE SYS.INPUT 1 -
209 ROUTINE T2ACAIP.DATA.REPORT 1
2173 ROUTINZ TARGET.ANALYSIS 1
211 ROUTINE T2 ,INPUT 1
21. RQUTINE TERM,CHECK 1 i
213 ROUTINE TIMZ.TO.DFT:SCTY 1
$1« ROUTINE TR.INPUT 1
215 ROUTINE UNIT.ASSIGNMENT 1
216 ROUTINE VIS.INPUT 1
217 SVENT ACT.DEF o]
213  SVENT ACT.MOVCOR 8]
215 FUNCTION AZT.RANGE 4]
22, SVENT C4ANGE . WEATHER 0
221 ROUTINE CHECKLSTREN 0
222 QOUTINZ (OMPUTE.D J
223 RCUTINE CIPY g
26 ROUTINZ CREATSE,.TEAmMS 0 :
225 ROUTINE DZCISION.INPUT 0 *
224 ZVENT END.SIMULATION 0 .
227 ROUTINE E2ROR.STOP 0 L
22¥% ROUTINE FRAC.COMPUTE d L
°
Figure 3-10 S
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MODULE

: RANK NA ME
f 3

MAXIMUM
DEPTH

. 153 ROUTINE COM3INE.TRS

KQUTINE MAINZ

155 ROUTINE DECIOE

156 ROUTINE DEQ.FESA.SET

157 ROUTINE D03.CMSN.JUEUE

153 SVINT D3.0L0.SORTIE.QUEUE
159 EVENT EMGAGEMENT

160 FUNCTION EST.RANGE

161 FUNCTION EST.TR.RANGE

142 ROUTIWE EXPONINTIAL.F

143 RGOUTINE FARRP.INPUT

164 PROUTINE FASCAM.COMPUTATION
165 ROUTINE FD.EFFECTS.REZQ

166 ROUTINE FJIC.TR,LDEQ

107 ROUTINE FIC.TR.ENQ

159 ROUTINEZ FZ3A.INITIAL

159 ROUTINE FILE.KAD.SENSOR
1735 ROUTINE FINJBATTLE

154 ROUTINE COMPUTE.WD

172 ROUTINE GAMMALF

172 RQUTINES HC J.COMPUTEZ.TIMES
174 BVENT AC LOEPART.3ATTLE
175 ROQUTINE nl . DISENGAGE

176 ROUTINE HI.CMPTY

177 FUMCTION ITM.wLA

174 ROUTINZ ILLUM,INPUT

1739 SVENT INIT.PREPLAN.CAS
130 RQUTINE IMITIAL.MOVE

1 RQUTINE INTER.HZLO

2 ROUTINE LINE.CIRCLE

3 RCUTINE L2CATE.SECTOR

“

b 145 ROUTINE MIN.MOVE
[ 150 POUTINE MPDEB.INPUT

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

171 R0UTINE FIND.START.TIME 1
1
1
1
1
1
1
1
9
1
1
1
1
1
1
1
1
1
1
1

187 ROUTINE MRT.TO.FRZQ

133 ROUTINE NORMAL.F

199 ROUTINE QORO.MOVCOR

190 RQOUTINE OQUTPUT.EXPENOITURES

Figure 3-10
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can suspend, that is let simulated time elapse, and then restart.

[. There is no guarantee that the conditions that were true prior %o
= a suspension are still true afterward.
j; 3.5.2 Operand Complexity Metric

In order to determine the operand complexity (Halstead
Length Metric) of the COSAGE source code, each module was examined
for the number of operands and operators. The number of operands
was gathered in a semi-automated fashion by scanning the code and

marking the occurrences of each operator mentioned in Section 2.3;
namely, +, -, %/, >, <& =, Z, *x, ADD, and SUBTRACT.
Additionally, phrases such as UNLESS...IS EMPTY, FOR EVERY, NONE
;. imply a relational operator and were included in the count. 1In

the example given in Figure 3.11, there are 24 operators. (Note: -
The "ADD" on line 3814 was not included in the count since this

line of code was added by SAI as part of the invocation study.)

The number of ocperands per routine was gathered by
manually counting the number of occurrences of line number

references that is produced by SIMSCRIPT upon compilation of the
COSAGE source code. All references were counted and included the
fol lowing:

Labels

Global variables

Recursive variables

Define to means

Routines

Arguments

Sets

Temporary attributes

Permanent attributes

Implied subscripts

Permanent entities '

Process notices !

Function attributes 1
|
|
!
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In the example shown in Figure 3.12, the total number of
operands is 93. "o

The Halstead complexity is the sum of the number of
operators (24) and the number of operands (93). For the examples
shown in Figures 3.11 and 3.12, the Halstead length metric is 117. ‘. :

As with the control complexity metric, the number of
operators and operands were tallied using an SAI-developed
configuration control form. An example form is shown in Figure °
3.4. A post-processor was written to list the COSAGE source
modules ranked by Halstead Length. The results of this
post-processor are shown in Figure 3.13.

.

As mentioned previously, if the Halstead length metric -
of a code.module is 270 or greater, it is likely that the module
was not properly designed with respect to module/submodule e
allocation. It is also Jikely that the module will be difficult .' —
to debug and might be of poor programming qualilty. -

Referring to Figure 3.13, 57 COSAGE modules have a : .f;:l
Halstead length of 270 or more. This represents approximately 22% o T
of the COSAGE modules. Of these 57, 33 are routines (representing
approximately 17% of all COSAGE routines), 18 are processes
(representing approximately 84% of all COSAGE processes), 7 are T
events (representing approximately 2% of all COSAGE events), and ! o
is a function (representing approximately 9% of all COSAGE e
functions).

Further investigation of the processes in the COSAGE . '
mode! is obviously necessary since 84% of the COSAGE processes L
have a Halstead length of 270 or above. Recommended changes to \

_®
|
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1
f
MODUL E HALSTZAD
P ENK NAMEZ LENGTH i
)
1 ROUTINE BTRY,SFFICTS 1633 .
2 PROCESS AL JATKLTGT 16472 )
: PRNOCESS 3402T.0ut 1415
w O9ROLESS AlR.033:3RVER 1934 .
5 PROLESS CA3.MISIION 913 °
¢ PR3ICESS FIREL“ISSION <221 i
7 DPRUCSSS HELICOPTER.FIRE 577 |
« CUTINE FINALLCOVERASE 142
v SvEaT A0 JEMGAGEMENT 233
1. Q2CQUTINE FLIsAT.P.Th 799 .
11 PROCESS HELLTARGET,ACIVUISITICON 791 L
12 DPRGCESS FoRwaRJ.035%TRVIF 758
1t PEICESS TARGET.2EOQRT en
1a Q')JYI-"':' S\';P: 577
15 RCUTINZE 22,0273 CTICH 474 .
15 ORECESS  ASSESSMENT a7 -
17 9870335 ~C.ARPIVEL38TTLE Ea? @
15 EViINT START,3aTTLS ol -
16  20UTINE  38T.CoVE2a5% G4
3. 20UTINT  af  3UM3ALIFFICTS T4
¢l RCUTINT  FI,IZTECTICN 515
2¢ SCUTINE Al ,3h o0V InENT e22
25 RCUTINE GRIENTATINN “65 R
¢4 POUTINE T8CAIT.IN3UT 451 R
25 AQUTTINS  PirvgmSt,4a85N0 «31
23 POUTINE  IMPLLY . ASLICOPTERS %25 SR
27  ORNCSS5S ARSMATZ, PILCT,.ve™ICLE “1 RN
D+ ICUTING  FOL.3N.A30M 437 R
Sy SRCLE3S HC .7 cTURMJFARRP 342 o
S. A0UTINE AT OFLESFICTS 73
T PROCESS  PHCTR.IAFLIGAT 73
Ty 2ZuUTIWE  ATT2LT,.33NSOR a2
Iy PCUTING w3.5m70T re?
e  ROUTINS  SENSOR.INPUT 352 °
T¢ QQUTINE SENZRAL.oATTLE 57
2z EVENT ASL) « ENSASEMENT 351 )
T?  20UTINE  REQUEST.343K: T, SRR
' RCUTINE NSweSI5Mzul Tt RS
®
b e
L Figure 3-13 e
:; = Modules Ranked by Halstead Length o
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P

1
]

MODUL E nALSTFAD
RANK NAME LENGTH
390 RGUTINE MINES,EFEZCTS 138
40 ROUTINE R WUSSTLILLUM 334
61 EVENT OF R LINZLATTRITION 133
4 POUTINE  CH3CK CASLCONSTRAINTS 325
@S PRJILESS ARTY 355283 323
Lo ROUTING CSADJUNIT 322
4 ROUTINE S JUsT 12
L2 RCUTINF ANALYS[S.CUTFUT 305
47 9RCCES JIR3UAINELRAQAD 295
F:- 43 EV:INT START.MOVE 293
: Y QACUTINE  CH3CKFARMINZS 292
S.. RAIVTIANZ UNIT.ENMVIR 292
31 FUNCTICON AT owLd 2%¢
- S2 EVENT JPIATE.LEC 232
Y 35 AUUTINSE  HI ,ZHMPTY 231
L e ZVENT FIsa.S$02T1: 27a
S RQOUTINZ  CH43Muz LDC 274
55 ROULTING NG CASMISSIAN 2713
37 RQUTINT uUMIT.IwnPUT 272
54 EVEINT CAR,QPZ24T)R cs%
Sy 20UTINZ  SNu?,® 237
-y QCUTINGE INTZR.oaTTLE 2A2
51 PROCESS AT o2 L AS5ESS 252
2 ROUTING FINDJSTART, TS 241
nJ RCUTIMNE 2K ,CCH42yT: 259
£a ROUTINGEG LivI e0F 31517 257
9 ROUTINI ROV OLITICTION 25»
Le 20UTINT CHA30K.P79X 252
>7 . CUTINE 340Kec.sFFCTS3 243
.2 2J0UTINZ FILZ«*0.5C0 245
s Y QCUTINS 2oLl KkLLDS 243
. RUUTINE T W ORGICHMCOMPUTATIC 234
71 ROQUTINE (Ci3.c&val 2z3
7e RQUTINE CFR.GETECTIOM 222
7 ROUTINE SMPTY 214
74 RCUTINE MARSINALLIFFZITS, aud 214
7> PRNCESS WITH., RA&w 213
73 ROUTINE CUST.EFFZCTS 212
Figure 3-13
Modules Ranked by Halstead Length
Continuec
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MQDULE HALSTEAD
RANK NA ME LENGTH
77 RQUTINE HC.OISENGAGE 209
78 ROUTINE MINE,JELAY 2512
79 SYENT PI3,0PERATOR 207
37 QQUTINE QUTPUT,.SXPENDITURSS 20>
41 QOUTINE 35 8RC.COVERAGE 205
82 FUNCTIOM IZm,.wlLA4 203
: 283  RQUTINE MINEZ,InNOUT 2,
. du ROUTINE TARSET.ANALYSIS 124
: 35 RUUTINE INTER.HELD 135
rm- 85 RGUTINE PIR.ISTSCTION 134
sl 37 POUTING  w=aT  NEXT 154
35 ROUTINE LICATZ.338RCH.32Ea 1a2
39  QUUTINE MUNSLINOUT 179
{ 37 RQUTINZ STRY.INPUT 177
g 91 RCUTINE ILLUMLEFFECTS 174
t.- 32 RCUTINe  3ITWESN,ROUTINE 173
¥5 ROUTINE KV PRINT 171
J4  ZVENT GETeMX.0R)D 109
95 PUUTINE PI3.ISTECTIIN 142
¢ RUUTINE PE23RZ,LIST 152
97 RCUTINT  RIGWUEST.FASCAM 152
98 ROUTINZ RICUEST.wO.FASCAM 154
vy SYEINT 3T LeZ2NDJED 1353
130 AGUTINE  SUTPUT.ATTRITION 155
101 SvznaT Al TeATK 154
12¢  2RYUTING  F33A, INITIAL 153
173 2C0UTINE AV W) ,2PT 1.2
174 PGUTINFE  WEISHTEI,VOLLZYS Tan
155  =ZVENT STA2 T ARTY.MOVEMENT 147
179 TVAENT CFR.ON 145
127 RCUTTINEG 42 ,J:T=CTICH 143 ]
172 EVINT CMOAGIMENT 1473 L
199 ROUTINS REAJ.ORDZRS 139 ]
110 PCUTINE FARRP.INPUT 137 ° :
111 QQUTINE CHSCK.0ZaD 136 4
112 RGQGUTINE CREATE.FQRCE 125 T
113 ROQUTINE TACAIR.DATA.REPORT 130 R
11« ROUTINE HC.COMPUTE,TIMZS 135 IR
RS
o
.\_. - .
Figure 3-13 IR
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MOJDULE nRALSTZAC
RANK NAME LENGTH ‘®
115 ROUTINE HZI.LA.INPUT 130 AN
116 ROQUTINE T3€,INAUT 123 S
117 RQ0UTINF ST2S.ESTIMATE 12» LT
114 FUNCTION FZ23a,.34ND 123 ‘@
119 ROUTINE TIMS,TO.3:T=CT 121
o 120 QOUTINE SAITCH.FQ 113
’ 121 ROUTINS UNIT.ASS.3NMeNT 117
a 122 ROUTINE FILZ.KAD.SENSOK 116
§ 123 ROUTINF KV ,SCORES20ARD 110 _
oy 125 ROUTINZ LDS.CHECK 114 °
125 ROUTINE 3TL.CHZCK 112
- 12¢  QQUTINZ SMCKE.COMPUTATINN 122
127 20UTINE &CMUNS.IMNPUT 137
12¢  ROMUTINE  NC.A2VE 137 .
1¢évy  RCUTINI £H43CK.F0C¢ 105 Lo
130 . RCUTINE  VOLLGEY 135 .®
131 RQUTINE CAT.TU.IuOUT 152 -
12¢  ZVENT ACT.T3IIMF 191
135 ROUTINS  FING33TTLE v
134  R0UTINZ  [_LJM.CPuPYUTATION 39
135 2CUTINT  LINI.CIRCLZE 99 — ]
135 QQUTINZ T2,.I1%2U4T 39 o
137 RQUTINS HIL,RENELCCWAUT: 97 -.
13c  ROUTINE SN . FI34,SET s S
123 RGUTINE CFR,IZ,F8DT 33 T
145 RCUTINE Sl ,.TE.IMoUT 32 PR
1ol 2CUTINT  AIISE.JI3RA0C 2 ]
142 PROUTINT w0, INOUT 91 o ]
Te3 ROUTINZ UNIT,2RIQPITY 21 :
T4e  2QUTINS  CZM3IINELTES 29
14> 2RNC=SS Ml WeR-PILR e )
1s6 ROUTINS  P(,.INPUT 37 e
167 2RCUTINT  FASCAM.COMPUTATION 2s o]
141 QUTINE P2£D.P0S 23 R Y
1«9 RQUUTINE PIOX.TAM3CK g s
150 SviINT CFR.ACTIVATICN 24 A
151 2GUTINE SYS.INPUT 33 S
152  2VENT PO3,ACTIVATICN i1 e
ST .‘T'q
L
Figure 3-13
Modules Ranked by Halstead Length "t
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MODULE MALSTEAD
RANK NA ME :LENGTH
o :
152 ROUTINE FARRP,CHECK 30 Y
15¢ ROUTINE PLAT.COUNT ar \ -'-I';"'.j.;'J1
155 ROUTINZ CZPY 79 l
150 ROUTINE F3N.FD.INPUT 74 ! '
157 RQOUTINE MaQ.INPUT 74
158 RGUTINE REGUEST.IEF.FL3CAH 73
15y ROUTINE TT,FACTORS.INOUT 73
160 ROUTINE (C42CK.LIST 71
161 FUNCTION 3TXY_ AvAlILa3 3 7
b- 162 ROUTINE TYPZ.wZ8F3ik.IyOUT 70
y 163 ROUTINE FIRM,TF,LIST )
4 104 EVINT INIT.PREPLAN.CAS 6%
165 RCUTINE COMPUTZ.4D 67
o 1595 ROUTINE INIT.RZINF )
- 167 RQUTINZE TEv2ZRATURE.ATTSENUATION 0n
L*‘ 126 ROUTINE RISZIT.FS34.$2CTOR 54
_ 16‘) EV:-NT —:T--"OVDIS ’33
’. 17. RUUTINE 33ICiy:Z a2
: 171 ROUTIME GauvMa,F 52
: 172 RCWUTINE NTQWAL a3
1 1735 PQUTINT RIw,cFF: LT:.COMPJTATI N 02
h 174 20UTINZ () 1TRAST.TO, 221y A1
. 175 FUNCTION BaR.2RO3, on
O 172 ROUTINSZ ossraov.ceo 52
= 177 RCUTINZ REIN,ARRIVE 5
. 178 SUNCTION CIA3IMATIONS 59
- 179  RUUTING  M&IN2 523
!ii 13C ROUTINE PICI,INF 59
131 FUMCTION CILLISION 59
- 182 IVINT Al )EPART,3ATTLE 53
133 RCUTINE Kv.,INPUT 5¢
12e  RQQUTINE  P3M.INPUT b
123 ROUTINE FIAL.COAPYTE <7
13a  ROUTINE RIPLACZ.NC 57
137 RQOUTINE PRO3,TIME So
13s RGUTINE MCFR,INOUT 59
13y RCUTINE CIMPA2ES,TRS 53
19% POUTINE RULLINLINPUT 53
Figure 3-13
Modules Ranked by Halstead Length
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]. R ANK

e}
S
o

11

pRPNIN P2
-
[

ROUTINE
ROUTINE
EVENT
SVeENnT
ROUTINE
ROUTINS
RCUTINE
ROUTINZ
RQUTINE
ROUTINE
ROUTINSE
ROUTINE
SyanhT
RQUTINE
ROUTINE
QOUTINE
RUUTINE
ROUTTiE
ZVYENT
ROUTINE
ROUTINE
ROUTINE
ROUTINE
2CUTINE
RIUTINE
RCUTINE
ROUTINE
SUNCTION
RCUTINGZ
RCUTINE
ZYENT
ZYENT
SVENT
FUNCTION
RCUTINE
AQUTINS
ROUTINE
EVENT

MODULE HALSTEAD
NA ME LENGTH
MP 03 ,INPYT 52 i
PRzP JWITHORAW §2 |
STOPLARTY MOVSMENT 52 i
ACT.MOVCOR 51
PISITION 51
SZARCH 51
LICATE,SECTOR 39
PeEaM INPUT 57
“IN.MOVE "49
SU3M.INPUT 49
SMOK 2, INPUT 43
CFR.CFF “?
TR INPUT 47
CoMoyTE.C AN
MAUS . TNPUT 4
ANGLE.COMOUT: 3 -
JP Ja MQVCOR 43
ACT,.C: 47
CHAECXST3EN 39
Sk FI L. TR 33
CRedTz,Tzams 339
ILLUA, INPYT 23
230X .208 39
T2kM  CHICK 33
FINISH,COMPUTATION 7
ESTeaMILLWORTH Ty
SST.RANGE le
A4 INT 4
CA4Rk. CCMP, TR 35
ARTY ,QCCUPATINN T
33T.J383UG 34 ..
CHANGZ.LITE 13 o |
SST.TR.RANGE 33 . ]
PISITION.OUT 3 -
3TRY.FM,DEQ 31 -]
FI.EFFECTS. RIS 5 ASESENE
SEND.TZAM 39 el
*
Figure 3-13 . .
Modules Ranked by Halstead Length a K
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!
MOOULE maLSTEA0 f .
' kANK NA ME LENGTH 1 -
] e
!
22% RCUTINE GZT.TESRRAIN 20 i
233 ROUTINE RAN3E.COMPUTE 29 :
. 231 FUNCTION ACT.RANGE 27 |
!_ 23¢ RQUTINE 3TRY.=M,ENy 27 : ".
¢33 RQUTINS FIC.TP.DE 27 |
234 ROUTINE VvIS.INPUT 27
¢35 FUNCTION STAY . TIng 25
235 RGUTINS CAZCKR.ENGAGSMEINT 2L
217 EVENT 02.9LD.SORTIZ. UEUE 264
— <38 PQUTINE EXPONINTIALLF A ‘.
L 23y ROUTINE FDC.TR.3NQ 23
c4u  RQUTINS  INITIAL.%OVE 23
AR ROUTINE MA IN3 23
262 RCUTINE SIGMENT,.alyusT 22
«43 ROQUTINE O2CISIONINPLT 21
, cbu PQUTING INITIAZLLOSITECT 21 ‘®
245 ROQUTINE  ST.INPUT 21 :
cn POUTINE MIT,TOD.FR=S 19 -
C4e7 RQUUTINS wZIsulLL,.F 19
63  ZVINT C=ANGLE  aZATHER 17 : !
249  EVENT SCASOULZLARTY MOV INELT 17 1
i 25C 2VUTINE 0ORIJ.U=SF 1a ® )
: 251 ROQUTIN: CR2.M2vDIS 14 T
252 ROQUTINE Jg.CMSH.IusUE 13 R
253 ROUTINZ 070.ATK 12 S
294  RQUTINE  QRJLREIMNF 12 BT
255 EVSNT P3SITIOM.REPORT 12 SRR
B 155 SVINT wave 11 s
57 PROGRAM  MA IV 1r ) 1
¢53 RQUTINE TIME.R:Q 1 -
59 ROQUTINZ PIOXIMITY.R=d < S
¢33  SVENT INCSTMULATION 2 Co
251 RQOUTINE  JORNSONLCRITSRIA ? T
. 252 ROUTINZ ERROR.STOP 5 o |
<93 ROUTINEZ HEADING 4 ]
<%6 RQUTINE OPEN.INPUT.OUTAPUT.FILZS 1 ]
253 PROGRAM OLOER.VZRSION.PRIAMSLE 3 coe ]
<95 OPRNGRAM PRSAMaLs g U
) *
Figure 3-13 .
Modules Ranked by Halstead Length RSB
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reduce the number of operators and operands in the processes are 1
1 discussed in Section 4.8 of this report. . ]
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- o F
' 4.0 RECOMMENDED CHANGES °
1
‘ This section presents the changes recommended for the ]
COSAGE model. These recommendations were compiled based on SAI’s o J
efforts in the static and dynamic analyses. ]
k. 4.1 Exponentiation

A review of the COSAGE source ccde shows that there has
been widespread use of exponentiation for squaring and cubing
mathematical expressions. Figure 4.5 shows an example of this
type of calculation. The  SIMSCRIPT  implementatior  of
exponentiation is not a very efficient means of accomplishing
squares or cubes. Figure 4.8 illustrates an enhanced method,
which multiplies the local variables (DELTA.X and DELTA.Y) times
themselves. This methed, when benchmarked on both the VAX and f
SPERRY computers, averaged an execution speed improvement of ' , ]

X 3

When only two of <bbefieGmisoquant!y invoked COSAGE o 1

modules were revised in the manner discussed above and benchmarked OURIERBAN
on the VAX version of COSAGE, system execution time decreased by o
e sbgmhiimg:. inprovement. (Details of this benchmark are s
! discussed more fully in Section 4.7 of this report.) Based on this |
i testcase, SAI analysts concluded that the exponentiation | Lo
: optimization holds a very high potential for reducing COSAGE 4
execution time. Although it is difficult to estimate the precise T

4-1 -.\.‘J
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savings which can be recognized by this revisicn, there aras more
than one hundred calculations in COSAGE which use exponentiation.
Therefore, it is realistic to expect an overaii execution time
savings in the range of 5-10% when all COSAGE calculations using
exponentiation have been wupgraded to use the demonstrated
technique.

4.2 Inefficient Mathematical Expressions

Writing source code is frequently a tradeoff between
clarity and efficiency. Because of the unusual units of measure
(e.g., hexadecameters), conversion of expressions are often
performed with factors such as (16.0/10.0) or (10.0/16.0). These
factors make the code clearer, but are extremely inefficient since
they must be re-evaluated every time they are executed. This type
of factor is found at several hundred loeations in the COSAGE
source code.

SAI analysts recommend replacing the inefficient
expressions with pre-calculated global variabies using meaningful
names. For example, the SIMSCRIPT statement:

LET TEN.16THS = 10.0/16.0

would allow all the expressions (10.0/16.0) to be replaced with a
meaningful variable (TEN.18THS) containing the same value. This
optimization would reduce both the execution time and the memory
requirements.
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, 4.3 Unnecessary SQRT.F Usage

At many places in the COSAGE source ccde, the distance
between two points is calculated using the square rcot of the sum
of the defta X squared and delta Y squared.

When the actual distance between the points is required,
this type of algorithm is relatively efficient; but often, the
! actual distance is not required. The objective may be to select
[:r the closest alternative to a particular location, in which case °
the square root is not required.

When distances are being compared to a threshold or
3 range, it is much more efficient to square the threshold or range °
once and compare the sum of squares to this value, than to take -
- the square root many times to compare the actual distances.
Benchmarks performed by SAI analysts indicate identical results

can be obtained with 30% to B5% less execution time required. "o
4.4 Schedules/Reschedules
COSAGE contains many events which are scheduled to occur "o

at various points in simulated time. Some events scheduie
re-occurrences of the same event at a later instance in simulated
| time. This type of event is best illustrated by the periodic

update of location that can occur at regular intervals for moving o
units.
The SIMSCRIPT  compiler by default automatically
deallocates the memory used by the event notice just before the : °
event is executed. For these types of pericdic events, the A
optional phrase "SAVING THE EVENT NOTICE" should be appended %o '
i °
.o _1
' | ]
- S — |
- : 1
4-3 o |
......... S T S o S T e T v
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the EVENT statement. Then SIMSCRIPT wii! allow the event notice
to be re-used.

The re-use is accomplished by replacing the repeated
"SCHEDULE A" statement with a "RESCHEDULE THIS" statement. The
overhead savings for frequentiy used events can be substantial.
SAI énalysts wrote two programs to test the efficiencies of
replacing repeated schedule statements with the reschedule option.

The program which appears in Figure 4.1 schedules an
event which in turn schedules itself again at 1 hour intervais
over a period of 1000 hours. The program which appears in Figure
4.2 is identical in every way to the first program except that the
event notice is saved and the event reschedules itself. The
elapsed CPU time savings are summarized below.

10.16 seconds (RESCHEDU

24.08 seconds SCHEDULEE
E
12.90 seconds (54% savings)

There are several places which have been identified in
the COSAGE source code where SCHEDULE statements should oe
replaced with RESCHEDULE ones, and the event notices should be
saved. The events identified include:

CPR.OPERATOR
CHANGE.LITE
FEBA.SORTIE
PDB.OPERATOR
POSITION.REPORT
SCHEDULE . ARTY .MOVEMENT
UPDATE.LOC

In addition to saving execution time, this recommended
change also has the advantage of saving memory since the
previousiy allocated space is reused, and no new space is
required.

4.5 Removal/Replacement of Identified Modules

4-4
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K
®
()
“*PROGRAM’’ PREAMSL Z
EVENT NOTICZS INCLUJE SCHEQULE_E .
END e
CYPROGRAM® MAIN
SCASQULS &N SCHEDULE_S IN 1 HCUR
START SIMULATION
ZND
o
EVENT TO SCHEQULE_Z L
SCASOULS AN SCHZJULE_% IN 1 AOUR S
IF TiMe.v > 1227 el
$TGP S
OTHERWISE e
RETURN o
IND
. . N

Figure 4.1
Schedule Testcase

4-5
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a
3
‘PORIGRAMTT PRTAMsLE )
EVINT NOTICES INCLUSE SCAZ2ULE_S *
=\ " - -
TUPRIGPAMTT MOIN
SCAEJULT AN 3CAISULE_T IN 1 =0yuR S
5Ta&T SIMULATICH -
= .. e
SVENT Ty SCAZJULE I 53vini THE ZVEMT AQTICE R
R25CZ0ULE a SCH43Zut=z_2 IM 1 ACUs S
I TIsz,v > 1700
5TCe -
P GTAIRAISE - @
SITUAN
:“:. ._‘. .
L °

Figure 4.2 o o
Reschedule Testcase ‘
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There are eleven modules identified in the accompanying
SAI-SDDL processed COSAGE source code (see Volume II) which have
been categorized as un-used and/or deletion candidates. Some of
the modules simrl return a constant value; they should be
replaced by a g ogal variable. Some modules are not currently
implemented in the program. Each should be evaluated to determine
where removal/replacement should be performed. A recommended
action is listed for each in Table 4.1,

One such module (JOHNSON.CRITERIA) was invoked 344,157
times in COSAGE. This routine simply returns a value of 1.0. A
testcase was written which replicates 344,157 calls (see Figure
4.3). Another testcase was rewritten which simply assigns a
variable the value of 1.0 (see Figure 4.4). The results are
summarized below:

13.59 CPU seconds for Call Statements
3.51 CPU seconds for Assignment Statements
10.08 Savings (74%)

4.8 Ubilize SIMSCRIPT Text Feature

Utilization of the recentiy-implemented SIMSCRIPT text
feature is recommended. The replacement of alpha variable types
with text variable types will serve two puréoses: efficienc: of
memory usage and transportability of the scurce code.

Alpha variables or constants are left justified when
stored in a computer work. It depends on the implementation for
the particular machine whether a single character or more is
stored per word. Regardless of the implementation, however, if
fewer characters are stored per word than the number of bytes in
the computer word, storage is wasted.

Text variables, on the other hand, regardless of
implementation, are represented by a pointer giving the address of
a memory location where one or more words contain the represented
characters, one character per byte.

4-7
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Module Name

Comments

GAMMA.F Not used - Delete
AIRBORNE.RADAR Not used - Delete
AR.DETECTION Called by ALRBURNE.RADAR (not used) - Delete

AR.PROB.DETECTION

Called by AR.DETECTION (not used) - Delete

PHOTO. IR.FLIGHT

Not used - Delete

STAY.TIME

Called by PHOTO.IR.FLIGHT (not used) - Delete

JUHNSON.CRITERIA

Returns a Constant Value (1.0)

Called 344,157 times (5% of all invocations)
33rd most frequently sampled

should be replaced by a flobal Variable

PRUXIMITY .REQ

Returns a constant value (5)
Should be replaced by a Global variable

TIME.REQ

Returns a constant value (0.1)
should be replaced by a Global Variable

OLDER VERSION
PREAMBLE

Should be deleted from file
to avoid confusion and errors

PLAT.COUNT

Only calls are from event START.BATTLE
Calls are commented out
Remove comments and delete routine

TABLE 4.1

Modules To Be Deleted/Replaced

. .
L d
RO
Tl o
BRGNS
EA. o o.ad
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FOR I = 1 T0 244157
: g
CAEL JOMNSON.CRITSRIA YI3LJING ,NO.2ARS -
g LooP

END

ROUTINE JOMNSONL.CRITSRIA YISLOTANG CNOLIARS
LET NO.ZARS = 1,
RITURN

ShO

DA SR ARl s

[ A

Figure 4.3
344,157 Call Statements Testcase
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LET .NQ.,8ARS = 1.
FOR I & 1 TO 344157
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NO

«NOL3ARS
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Figure 4.4
344,157 Assignment Statements Testcase
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Further, when code is transported f~om ocne machine %o
another, it must first be determined if the implementations of
alpha modes is compatible before alpha variabies may be .sed with
confidence. The convention of using text modes instead of alpra
mode would be both more efficient and would “ncrease
transportability of code.

4.7 Perform a Thorough Analysis on the 28
Most Frequently Invoked Modules

SAI dynamic execution analysis has shown the follow'ng
group of 26 modules (10%) of the COSAGE program to account ‘or
over 93% of all invocations (see Figure 3.1). It is recommencec
that SAI analyze each of these 26 modules in detail and in close
co-operation with the COR. Small individual changes in efficiency -
can result in large overal! savings since these modules are
invoked frequently.

For example, the two program modules most frequently
invoked were FUNCTION ACT.RANGE (1,189,098 invocations) and
ROUTINE RANGE.COMPUTE (792,643). Together, these two modules
account for over 29% of all invocations in the baseline 24 hour
COSAGE simulation. Both modules had been highlighted by SAI
analysts during our static analysis with the \OPTIMIZE
cross-reference identifier.

The first module, ACT.RANGE, Figure 4.5, computes the
intermediate values DELTA.X and DELTA.Y; the values are squared,
summed, and used as an argument to the SIMSCRIPT SQRT.F function.
This method of squaring the values is exponentiation; during
static analysis benchmarks, analysts found this method of squaring
to require up to twice as much execution time with SIMSCRIPT.

S/ —
4-11 24
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FUNCTION ACT.RANGE RS TV
; GIVEN
- UNIT1,
UNIT2

ARD 1 TO ANAL.CTR(239,1) “r* NDYN_ANAL
"/THIS FUNCTION COMFPUTES THE ACTUAL RANGE RETWEEN TWO UNITS

NORMALLY MODOE IS INTEGER
DEFINE RANGE AS A REAL VARIAELE

LET DELTA.X UN.X.COQRDC UNIT1 ) - UN.X.COORDC UNIT2 ) -
LET DELTA.Y UN.Y,COORDC UNITE ) - UNLY.COORDC UNIT2 )
LET RANGE = SQRT.F( DELTA.X %% 2 + DELTA.Y %X 2 ) ‘'~ \QFTIMIZE

RETURN WITH RANGE

ENDFUNCTION
. -
o |
R
. h
Figure 4.5 o
Current Function ACT.RANGE RO R
4-12 4 RS
*
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Therefore,. we recommend replacing this function with the code
indicated in Figure 4.8.

The second module, RANGE.COMPUTE, Figure 4.7, performs
the same function with three basic differences: 1) the module is a
routine, not a function (this only affects how it is invoked and
used), 2) it uses real intermediate variables and returns an

integer answer, and 3) the square-root is implemented via
] exponentiation. Benchmark runs indicate this method of finding
!:: the square root requires approximately 70% more execution time.
: Augmented with the same method of squaring proposed for ACT.RANGE,
the recommended revision is shown in Figure 4.8,

Benchmarks when these two revised routines were
implemented in SAI’s VAX Virtual Test Suite for COSAGE show a -
decrease of more than 2.7% in execution time. A similar savings
would be reasonable to expect with the SPERRY SIMSCRIPT version of
COSAGE. Further, examination of the calling locations shows that
two modules which perform the same purpose (one yielding an
integer result, the other a real result) are not necessary. Any
required mode conversions can be performed after the call. This
integration would decrease the memory requirement as well and
provide a uniform, efficient approach to fulfilling a single

function. Comparisons made using these inconsistent methods may i };;?
result in unexpected program behavior. )

4.8 Modularize Candidate Processes

The following COSAGE processes were identified because
they have source code line counts in excess of 120 (approximately ;n.'
2 pages): SR ]
AC.ATK.TGT a
AIR.OBSERVER
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ROGUTINE RANGE.COMFUTE rrY Cols
GIVEN

UNIT.AY
UNIT.R -
YIELDING

RANGE .

ADD 1 TO ANAL.CTR(12951) “r7 NDYNLANAL
NORMALLY MOUDE IS INTEGER
DEFINE DB.X.» D.Y, AS REAL VARIARLES

LET D.X. UN. X COORDCUNIT A)-UNJX.COORDCUNIT. . B)
LET D.Y. UN.Y .COORD(UNIT.A»-UN.Y,.COORDCUNIT.R)
LET RANGE = (D .XRkX2+D.YXX2)k%X.5 ‘% NOFTIMIZE

EXITROUTINE
ENDROUTINE i

e .
s txite v

Figure 4.7
Current Routine RANGE.COMPUTE

N
D
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ROUTINE RANGE.COMFUTE cr~ Lol
GIVEN UNIT.A AND UNIT.H
YIELDING RANGE

ADD 1 O ANAL.CTR(129y1) “o® NDYN_ANAL
1 DEFINE D.X.» D.Y. AS REAL VARIARLES

DEFINE UNIT.A» UNIT.Es» AND RANGE AS INTEGER VARIA® ES B g
LET D.X. = UN.X.COORDCUNIT.A)-UN.X.,COORD(UNIT.E)
LET D.Y. = UN.Y.COQGROCUNIT.A)-UN.7.COORDCUNIT,E)
LET RANGE = SURT.F(D.X.AD.X. + D.Y.kD.Y.) 7/~ \OFTIMIZE
RETURN - .
END o
-
.
°

Figure 4.8 ®
Proposed Routine RANGE.COMPUTE ‘

4-16




B e aag

r————-ESC:lEEPdC:EZ APPLICATIONS, INC.

o
AIRBORNE.RADAR
ARTY.ASSESS o
ASSESSMENT ~
CAS.MISSION S
FIRE.MISSION R
FORWARD . OBSERVER .
HC.RETURN.FARRP
HELICOPTER.FIRE
HEL.TARGET.ACQUISITION
HC.ARRIVE.BATTLE o
REMOTE .PILOT.VEHICLE
SHOOT.QUT
TARGET .REPGRT
L
These 15 processes represent 84% of all COSAGE
processes. All of these processes have a Halstead length of 270
or greater. The two remaining processes, PHOTO.IR.FLIGHT and
WITH.DRAW have 115 and 112 source lines respectively and Halstead "o
lengths of 379 and 213.
SAI analysts recommend modularizing at least the top 15 :?;13
processes (ranked by number of source lines) to increase ?j;“:
understandability and maintainability. A procedure similar to the
following one is recommended.
o
e First, in close conjunction with the COR, identify a L
high-level system of comments. An example, using j?_(
FIRST-NEXT comments is shown in Figure 4.9. S
®
® Next, identify which comment blocks can be modularized
and moved out-of-line (into separate routines).
e
S — i
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e Next, perform metric analyses on identified submodules.

¢ Next, move submodules into separate routines and mak»>
required coding changes.

e last, test modularized processes.
4.9 Standardize the COSAGE Source Code

While performing the various analyses of the COSAGE
source code, it became apparent to the SAI analysts that numerous,
varying coding conventions and styles had been used in the model
development. These inconsistencies made it difficult to read and
understand qﬁg JSIMSCRIPT source code; they also represent
inefficiencies in COSAGE. Therefore, it is recommended that a
consistent set of coding standards be developed and applied to the
COSACGE source code. (Qther standardization issues should also be

addressed; these issues include:

® Examining SIMSCRIPT DEFINE-TO-MEAN statements in COSAGE
to determine if they are required or in need of
modification.

e Checking for redundant NORMALLY statements.

e Deleting SIMSCRIPT comment statements which are obsolete
or unclear.

e Developing a system of high-level comments, with the

~ assistance of CAA personnel knowledgable of the COSAGE
model , which provides insight into the
operations/functions being performed by a block of
source code.

Ty I A I A I
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‘ e Verifying that output units are consistent between

routines. = . )
| .
‘ ¢ Developing an@DD file for the SPERRY which will process L
’ the COSAGE source code with the SAI-SDDL processor to %%1;:§{-'€
automate the production of up-to-date documentation. ' ';"‘ 3
4
4
Figure 4.10 represents a current COSAGE routine; Figure '
4.9 is the same routine which has been updated with the
recommended coding standards and processed by SAI-SODL. o
P 4.10 Develop Graphical Input/Qutput Capabilities
| It is recommended that graphical  input/output o ‘
capabilities be developed for the COSAGE model. The COSAGE mode! -
; requires voluminous input data. This data requires considerable

time as well as in-depth knowledge of the COSAGE program to
prepare. The existing EDITS program provides a data checking
capability; however, it is recommended that an enhanced data
preparation tool be developed. A possible scenario for such an
input generation tool would aliow a COSAGE user to graphically

configure units on a specified terrain, and then have the input

processor automatically generate the coordinates, equipment |ists,
etc. Additionally, this tool could check for typical input data
errors (like the ones listed in Section 3.4.1 of this report).
Likewise, the development of a graphical output is recommended.
Such a tool could dispiay unit movement, attrition, etc.

SAI has developed the Tactics, Operations, and Planning

A Station (TOPS*). TOPS is a minicomputer-based, color graphics
system based on digital map technology. Preliminary investigation
indicates that this graphics system could provide input/output

* A trademark of Science Applications, Inc.
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' processors, for simulation models such as COSAGE. Therefore, it is

n recommended that the linkage between COSAGE and TOPS be studied.
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5.0 PROPOSED PREAMBLE

Since the PREAMBLE of a SIMSCRIPT program serves as a
definition of data structures and of program events and processes,
SAI analysts conducted an analysis of it in order to identify
areas which could be optimized or updated in order to increase its
clarity and maintainability. This section presents the specific
observations made and changes recommended.

5.1 Existing Structure

Examination of the COSAGE PREAMBLE indicated that the
prevailing scheme of organization is alphabetization (see Figure
5.1). However, this scheme does not appear to be rigorously
followed. Further, data structures are wusually grouped into
categories such as permanent entities, temporary entities,
processes, events, global variable, set, array, and function
definitions, and substitutions.

5.2 Proposed Structure ‘ .

PGP O

SAI’s analysts recommend restructuring the COSAGE
PREAMBLE using 2 hierarchical scheme for organizing the permanent

and temporary entities, sets, and attribute definitions. An o
example of the recommended hierarchical structure is shown in
Figure 5.2. Such a scheme should provide more clarity into data ‘ :
structure relationships. R
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AQ+RANGE.BAND HAS

AN AO.RB.RANGE,
BELONGS TO ,
THE AD.RB.SET

P.AO.RB.SET,
S.‘O.RB.SETI
M,40.RB.SET

BTRY nAS
aycBNI
aY.STATUS,
3Y.TYPE,
3Y.PGM.FM,
B8Y.CUR.FM,
BY.N.ROUMDS,»
B'.UNIT'
BYLBN.RANK,
aY.FIRE.RATE,
BY.PGM.CAP,
3Y.STOP.FASCA M, SUPP

BY.HOH. SETI
3Y,SCHO.LIST,
3Y.FM,QUEUE

BELONGS TO

SN.3TRY,.SET

F.BY.HOW.SET,
LeB3Y.AOW.SET,
Fo3Y,5CHO.LIST,
L.BY.SCHO.LIST,
F.3Y.,FM.QUEUE,
L.3Y.FM,QUEUE,
P.ANJBTRY SET,
S«IN.BTRY,.SET.,
M,3N.BTRY.SET,
N.SY.HOH.SET:
N BY.SCHOLLIST,
N.BY,FM.QUEUE

CATEGQORY HAS
CT.NAME,
CT.GROUP,
CT.MIN.FEBA

CT.TULSET

3ELONGS TO

GP.CAT.SET

F.CT.TU.SET,
LQCY.TU‘SETI
N.CT.TU.SET,
p.G’.CAY. SETI
S.GP.CAT,.SET,
M, GP.CAT.SET

CATEGORY,DIST .FROM.FE3A.3AND,
A CDI.USAGE.INDICATOR

Dt A e snas Jnce o

“YTIME.Y » 60

Figure 5.1

Existing PREAMBLE Scheme

IC.MUNITION HAS

SYERY CATEGORY, DIST.FROM.FEBA.BAND, TYPE.BTRY HAS

e et e e g,
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PERMANENT ENTITIES
EVERY FA.BN HAS
A FB.MISSION,
A FALBN,LUNIT
OWNS

>

BN.BTRY,.SET

HAS

F.BN.BTRY.SET,

L.BN.BTRY.SEY’

N.BN.BTRY.SET

EFINE F3.MISSION AS A TEXT VARIABLE

O > b

m
<
m
x

BTRY nasS
SV-SNI
8Y.STATUS,
8Y.TYPE,
BY.PGM . FM,
3Y.CUR.FM,
3Y.N.ROUNDS,
3Y.UNIT,
3Y.8BN,RaNK,
3y, FIRE.RATE,
8Y.PGM,CAP,
3Y,STCP,FASCAM. SUPP  “°TIME.Vv * 40

P PP PEBRD P D

OuNS
A SY.HOHQSETI
A 3y.SCHO.LIST, -
A 3Y,FM.QUEUE
3eLONGS TO
A 9N.BTRY,.SET
HAS
FeBY . HOW.SET, .
L.8Y.HOW.S5ZT, Figure 5.2
F.BY.SCHO.LIST' . .
L.BY.SCHD.LIST, Recommended Hierarchical PREAMBLE Sheme
F.B8Y.FM,QUEUE,
Le3YFM, QUEUE,
P.3N.BTRY.SET,
Se8N.3TRY.SET,
Me8BN.BTRY,.SET,
N.BY.nOw.SET,
N.BY‘SCHD.LIST’
N.BY. M,QUEUE
DEFINE BN.BTRY,SET AS A SET RANKED 8Y LOW 3Y.3N,RANK
DEFINE BY.3N.RANK, BY.FIRE.RATE AND BY.STOP.FASCAM,SUPP AS SIGNED INTESERS

» P b DB

TZMPORARY ENTITIES
EVERY HOW HAS
2 Hw,8TRY, ‘‘OWNING 3TRY
A Hw,SFAIL.RNDS, °“ROUNDS TILL SHORT TEeM FAILURE
A Hw, ,(FAIL.RNOS, “‘ROUNDS TILL LONG TERM FAILURE
3ELONGS TO
A 3Y . HOWL.SET ““ wHEN NOT FAILED
H4S

A poa'-HoU.SETI

A S,3Y.HOW.S3T,

A M,BY . HMOwW.SET

JEFINE 3Y . HOW.SZT 4S A LIFO SET

DEFINE MwWw,3TRY, Hw 3FAIL.RNDOS, ANDU HW.LFAIL.RNOS AS SIGNED INTEGZIRS
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' It is also suggested that sections like the events and
kz substitutions be re-alphabetized. This will make it easier to
: find names which have aiready been used, since inadvertant reusage
could cause errors in COSAGE that would be difficult to trace.

.l Another recommended PREAMBLE change is to replace
inefficient define to means, such as:

DEFINE NORTH TO MEAN PI.C{Q
DEFINE SOUTH TG MEAN 3.#PI.C/2

with statements like:

OEFINE NORTH TO MEAN 1.5707983
DEFINE SOUTH TO MEAN 4.7123889

This would decrease both execution time (since expressions would
not have to be evaluated) and memory requirements (because space
would not be required to perform calculation).

A recommended addition to the COSAGE PREMABLE is the
definition of several real global variables. Variables identified
to this point are:

TEN.18THS
16.TENTHS

These variables would then need to be set to 10/16 and 16/10
respectively in the COSAGE source code.

5-4
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6.0 SUMMARY

SAI has conducted a study of the COSAGE model. The
focus of this study was to identify fruitful areas for COSAGE
optimization which would reduce memory requirements and/or
execution time.

In order to accomplish this, SAI applied various
analysis touls and techniques to the COSAGE program. These tools
and techniques included:

o Processing the COSAGE SIMSCRIPT Source Code with
SAI-SDOL. The results of this effort provided a
standardized format for reviewing the source code. It
enhanced the source code with automated indentation and
program flow of control arrows. Additionally, source
code summary information (i.e., table of contents,
module invocation hierarchy tree, and various cross
reference listings) was generated.

e Developing Input Format Specifications for the COSAGE
Program. They were developed directly from the source
code and included such information as the required data
item name, meaningful description, unit of measure,
mode, and dimensionality.
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e Utilizing the System Performance Monitoring (spm) tool
to analyze COSAGE model execution at the operaticn °

system level.

e Applying metrics to obtain quantitative assessments of
i the complexity of the source code. °

e Using the VAX SIMSCRIPT compiler to convert the SPERRY
COSAGE source code to the VAX and to identify source

r code anomalies which the SPERRY compiler was unable to ®
{ detect. The SIMSCRIPT language was also used to

i instrument th~ COSAGE source code.

{a Both static and dynamic analyses were performed on the °

COSAGE model. Static analyses included: -

e Determining all places in the source code where memory
was allocated (via the CREATE and RESERVE statements) °
and deallocated (via the DESTROY and RELEASE keywords).

¢ Identifying modules of considerable size. This was done
for actual source code lines as well as the size of the e

object code (compiled source code).

e Tallying the modules most frequently invoked statically.

.
Dynamic analyses were: ‘
® Accumulating the number of times each routine was DR
invoked dynamically (during program execution). °
| ®
| o
S
y 4 e
6-2 .
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v

e Determining CPU usage per simulated hour of program

exacution.

v
o

e Identifying the routines which accounted for highest CPU

usage.

r..‘

e . locating and correcting anomalies which occurred while
reading the COSAGE input data as well as those which
occurred during simulated time.

e Performing control complexity, Halstead length, and
level of nesting metrics on the COSAGE source ccde.

As a result of these analyses, a variety of changes are
recommended. They include: -

¢ Changing the method used to accomplish exponentiation in Y
the COSAGE mode! .

® Replacing inefficient mathematical expressions. "

¢ Streamlining unnecessary usage of the SIMSCRIPT square /"ﬂ
root function.

e Changing SCHEDULE statements to RESCHEDULE statements
when appropriate.

® Removing/replacing routines. Some of these routines are
unused and some should be replaced by a giobal variabie.

e Utilizing the SIMSCRIPT TEXT feature to save memory and
enhance COSAGE transportability.

. "l e e "* MBI
e e ey .
. .ot ..
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e Performing a thorough analysis of the 26 most frequently
invoked modules.

® Modularizing identified processes to increase clarity
x5 and maintainability.

: e Standardizing the COSAGE source code by developing a set A
- of coding conventions and then applying them to the
| COSAGE model .

e Developing graphical input/output capabilities to assist 4
the COSAGE user. :
¢ Reorganizing the COSAGE PREAMBLE in a hierarchical /J -0

fashion rather than the current semi-alphabetical -
manner.
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